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To analyze the application of quantitative models to 
energy-employment issues^ the energy prcbleis was viewed in three 
distinct^ but related ^ phases: the post-entargo shock effects, the 
intermediate-term prccess of ad justffent,...and the long-run 
equilibrium* Against this background eighteen existing energy models 
(governaent supported as well as private efforts) were reviewed to 
'determine their usefulness in addressing eiployment prctlems related 
to the three phases. The models, were divided into three main 
categories: (1) general-economy energy-sector interactions models, 
(2) energy sector ffiodels, and (3) energy sufcsectcr models. Thus far^ 
the models have not teen utilized in ary significant way for the 
study of employment and manpower issues. Only one cf the category 2 
models, generates detailed manpower requirements associated with 
increased investment activity; others in that group as well as 
several coal sector models could be adapted to do sc. Of greatest 
interest were the category 1 models, but acst lack proper price 
determination mechanism to address long-ten' iguesticns of adjustment 
to energj price changes. While most of them incorporate an 
input-output block to which labor demand estimates are attached, the 
quality of the specifications was found inadequate. Eased on the 
analysis, five categories of employment and manpower research issues 
associated with the energy problem were identified: substitution 
effects, balance-of-payments effects, investment and new construction 
effects, economic growth and inflation, and distribution of income. 
(Reviews of each individual model are appended.) (JT) 
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PREFACE 



In the course of conducting this review it became increasingly evi- 
dent that perceptions of the energy problem vary widely. In much of the 
exposition on models, perception of the energy problem is given only impli- 
citly, in the structure of the model and the simulations performed. In part 
this is due to the fact that different models address different aspects of a 
larger set of problems and to the fact that various model builders perceive 
the problem differently. Hence a useful context for discussing the inodels 
and their development includes some attempt at defining the nature and scope 
of the energy problem. From this vantage point, the heritage of a particular 
modeling effort becomes more understandable, as does the set of primary 
employment-energy issues which are likely to be most important over the next 
decade. Thus, Chapter 1 defines the energy problem and introduces the policy 
issues which predated much of the modeling effort.* Chapter 2 assesses the 
main employment-energy issues. Against this background, general conclusions 
from the model review are presented in Chapter 3. Chapter 4 discusses issues 
that Y rrant further research and presents recommendations as to further 
evaluation of models for Departmental purposes. Because of the wide variation 
in their scope and technical nature and because of the large number of models, 
individual models are reviewed in detail in Appendix A. These reviews are ^ 
meant to provide information on what the models are designed to do, their 
major variables and relationships, and their suitability for addressing prob- 
lems of employment and manpower analysis. Discussion of the purely technical 
aspects of the modeJSt is-icept at a minimum. 

The authors were aided by many people in gathering and evaluating 
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tne information on the numerous modeling efforts. In particular we would 
like to thank Edward Cazalet, Robert Crow, William Fi nan, Paul Groncki, 
William Hogan, Edward Hudson, Thomas Joyce, Dale Jorgenson, Dave Knapp, 
John Kraft, Ron Kutscher and Loren Solnick. 
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EXECUTIVE SUMMARY 

This report begins by surveying the origins of the energy problem. 
It notes that the problem, while serious, is not of crisis dimensions. The 
solution to the energy problem, which is basically a problem of price, lies 
in making the necessary economic adjustments required when any good or input 
becomes relatively more expensive. Namely, substitution must occur* It iS 
further noted that the energy problem arose during a time of considerable 
economic and political turmoil. The monetary "crunch" of 1973, the food 
price inflation, and Watergate, tended to obscure. the perception of the 
energy problem. The intense effort to do quantitative modeling reflected a 
widely felt need to fill the knowledge void regarding the degree of inter- 
dependence between the general economy and the energy sector, and the need 
to explore the potential for energy conservation. Initial research was con-' 
ducted within the government by ERDA* FEA and the NSF. Early private efforts 
included the Ford Foundation, the Electric Power Research Institute and the 
MIT Energy Lab. Initial and subsequent modeling efforts and policy discus- 
sions .ave focused little attention on the enployment aspects of the energy 
problem. 

The application of qiiarititative models to energy-employment issues 
can b'est be analyzed by viewing -he energy problem in three distinct, but • 
related, phases: (1) ^the. post-embargo shock effects, (2) the intermediate.- 
term process of adjustment, and (3) the long-run equilibrium. The post- 
embargo shock effects, which fortunately are mostly behind us, relate mainly 
to radically altered expectations, increased uncertainty, and rapid increases 
in energy prdces. The employment impacts during this period were direct 
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(autos, travel, etc.) and readily observable*. The second phase, the adjust- 
ment process, relates to the manner in which firms and individuals, having 
perceived fully the permanence of relatively higher energy prices, undertake 
to make the appropriate substitutions*. For consumers .this will involve 
adjustments such as purchasing more energy-efficient cars, retrofitting 
homes with insulation, geographic shifts, etc. For firms, a: similar process 
of substitution will occur wherein the present energy-intensive capital stock 
is replaced with one which is relatively less energy-using. These adjust- 
ments will not be accomplished quickly or painlessly. The employment adjust- 
ments of this period relate to the construction and manufacture of the capital 
required to implement these, new consumption and production patterns. The 
final phase, the long-run equilibrium, is perhaps the most important in terms 
of manpower policy. The adjustment phase will create capital stock, consump- 
tion and employment patterns^that give rise to a mix of skills which will be 
different than the mix required for the pre-energy problem era. The demands 
for these skill levels will not be of the transient nature of those required 
for the adjustment process. 

I Against this background, we undertook a review of existing energy 

models to determine their usefulness in addressing employment problems related 
to the three phases mentioned above. Energy modeling efforts wijre divided 
into three main areas: (1) general -economy energy-sector interactions 
models, (2) energy sector models,, and (3) energy subsector models. The first 
category includes models which treat both energy and non-energy industries in 
approximately the same level of detail. The purpose of the models is to ^ 
measure the degree of interdependence between energy Industries and the rest 
of the econony. Most of these models contain disaggregated labor demand 
relations by sector. They are national in scope with very little regional 

ERIC S 



detail. The second category of models includes those which deal with all of 
the various energy industries. The main purpose of these models is the / 
stucjy of inter-fuel substitution and the introduction of new energy technol- 
ogies. These models are generally optimizing (linear prograiming, etc.), 
have regional breakdowns, are highly detailed, and are capable of being 
modified with reasonable ease to stucly manpower problems. The third category 
covers energy subsector models (the natural gas industry, coal, electricity 
demand), world energy models, macroeconomic models and single-equation 
studies. Among these models, probably the most useful are the coal models, 
given the present emphasis on coal development in the U.S. 

Thus far, the models have not been utilized in any significant way 
for the stU(V of employment and manpower issues. This situation has steimed 
from the predominant interest in questions pertaining to fuel substitution, 
technology creation, conservation, regulation and legislation, and the effect 
of higher energy prices on the 'growth of GNP. The studies dealing with GNP 
growth showed that higher energy prices, while retarding growth, will not 
produce disastrous effects. This result is due mainly to the fact that con- 
sumers and producers can substitute away from the energy-intensive goods and 
processes. However, the impact on employment is a much more complex question. 
Reduced output and slower GNP growth means fewer jobs. However, higher energy 
prices mean the substitution of labor for energy, which will increase the 
demand for labor. Which effect is dominant is an extremely difficult and im- 
portant research issue. Chapter 3 presents general conclusions about the ^ 
prospects of employing models to study these longer-term issues. A detailed, 
model -by-model critique is presented in Appendix A. 

This survey has led. to a few principal conclusions regarding the 
appropriateness and usefulness of particular models or groups of models for 



employment and manpower analyses. In the energy sector, which is capital- 
intensive, the;niuin employment adjustments are likely to prevail only during 
some intermediate-term perio.d, while the U.S. expands its domestic energy 
supply sector. The long-run equilibrium labor demand associated with energy 
output is not likely to be large. Thus, the main employment effects in the 
energy industry will stem from construction activity and the indirect labor 
demand associated with increased investment activity. Presently^ only the 
Bechtel ESPM model generates detailed manpower requirements associated with 
changing patterns of energy sector activity. Other energy sector models, 
such as the DFI-SRI-Gulf model' or any of a number of the coal sector models, 
such as the Bechtel RESPONS model, could be adapted to generate manpower 
req ui remer.ts . The di f f i cul ty ass oci ated wi th modi fyi ng thes e .mtfdel s 1 i es r 
primarily in the area of establishing a reliable data base at the highly 
detailed industry and regional specification level of these models. The 
fixed coefficient framework of such models would require, at a minimum, that 
extensive study be made of regional differences in laboi^ productivity. At 
the present time, it is probably fair to concluae that the activity detail 
embodied in these models exceeds that warranted by the quality of the data 
needed to support such detailed specification. Hence, for valid estimates 
of manpower requirements to be derived from such models,- the reliability of 
both the data bases and the model specifications warrants further testing 
and development. 

Of greatest interest to the manr fer -analyst are the general -econoiny 
energy-sector interactions models. This is particularly true concerning 
those models which allow for substitution in demand and production as a 
function of changing patterns of prices. The Hudson-Jorgenson model, in 
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particular, focuses on adjustments within the economy which derive from 
price-induced behavior. Among the remaining models, only the WEFA annual 
energy model embodies some form of pricing mechanism in both the demand and 
production sectors of the model. Other models, such as BLS. Lawrence 
Berkeley Labs, and INFORUM do not allow for endogenous price determination. 
This omission may be permissible for some scenarios. However, radical- 
changes in energy prices would not appear to be one. For models other than 
the Hudson-Jorgehson model and the WEFA model, the lack of a proper price 
determination mechanism within the structures is also a main .deficiency in 
terms of the ability of the models to~address the longer-term questions of 
adjustment, to energy price changes. The models with inadequate specification 
of pricing behavior are mostly^useful for near-term impact analyses, where 
assumptions about habit formation by consumers and fixity in production tech- 
nologies are more plausible. In this category, of models would be the BLS 
growth model and the INFORUM model, and the modeling efforts by the Lawrence 
Berkeley Laboratory. 

The Hudson-Jorgenson model focuses on long-run equilibrium values, 
and largely ignores the short-run adjustment processes. On the other hand, 
the WEFA model concentrates on these adjustments which arise out of the 
presence of habit, capital fixity, cyclical behavior and economic inertia in 
general. With a detailed lag structure, the WEFA model is be?t equipped to 
trace out the time path of the intermediate period adjustment process. While 
iTOst of the energy-economy interactions models incorporate an input-output 
block to which labor demand estimates are attached, it was found that the 
quality of the specifications leaves much to be desired. Many of the models 
determine einployment estimates by multiplying average productivity by output 
determined from the final demands. Effects of prices (i.e. real wage rate 



^ effects), substitution of capital for labor, etc., are generally not speci- 
fied explicitly. Consequently, l»bor demand is exclusively a function of ' 
output in most of these models. Under conditions of smooth growth, in a 
non-inflationary economy, such a construct might produce plausible results. 
However, under conditions of rapid cost and price inflation, rapid and sub- 
stantial changes in energy and materials prices, and hence more significant 
substitutions in both demand and production, such simple methods for deter- 
mining labor demand become highly inadequate. In our judgment, a major area 
for work in adapting present models to the task of exploring enploynent 
effects related to energy sector changes is in the aref. of detailed develop- 
ment of data and empirical estimation of labor demand functions or produc- 
tivity functions. However, it would be desirable and feasible to utilize 
the high degree of industry and manpower detail such- as is contained in the 
BLS model. Thfs could be accomplished by using, for example, the output of 
the Hudson-Jofgenson model which contains far fewer sectors (ten versus 134) 
as a "control total" for projecting the BLS estimates. 

The report concludes with a discussion of the various employmentand 
manpower research issues associated with the energy problem. These issues 
were divided, into four categories: (1) substitution effects, (2) balance-of- 
payments effects, (3) investment and new construction, (4) economic growth 
dnd inflation, and (5) the distribution of income. The substitution effects 
relate to tfio types of decisions made by consumers and producers as they face 
relatively higher energy costs. These problems were outlined briefly above. 
The balance-of-paynients issue arises out of the fact that the U.S. is 
presently running a substantial deficit as a result of massive oil inports. 
Continued deficits imply a further devaluation of the dollar in order to 
correct the deficit.. This decline in the dollar has direct/consequences for 



employment and prices in the U.S. economy. The third issue looks at the 
types of new investment (energy-efficient machines and structures), and 
exploration which, might be expected to occur as a result of higher energy 
prices. The fourth category examines the relation between higher energy 
prices and economic growth. Considerable controversy exists over whether or 
not reduced GNP growth as a result of higher energy prices will reduce or 
expand employment demand. On the one hand.lower output growth means fewer 
jobs. On the other hand, higher energy prices mean greater demand for sub- 
stitute factors such as labor. The last issue relates to the income transfers 
which will result from higher energy prices and the impact of these transfers 
on real wages. 



Chapter 1 
INTRODUCTION' AND OVERVIEW 

1.1. The Energy Problem. The oil embargo which was in effect from 
October 1973 to March 1974 imposed a large shock on the economies of the non- 
Communist world. In a matter of three months, world prices for crude oil- 
escalated to roughly three and one-half times their pre-1973 levels. The oil 
embargo was the instrwnent used by the oil-producing and exporting countries 
(OPEC) to validate the price increases and to solidify their position as the 
world price leader for crude oil. The embargo and the attendant long lines 
for gasoline produced the desired shock effect on American consumers. 
-^Interestingly, the radically higher energy prices did very little to reduce 
consunption immediately. It is estimated that the: total reduction in oil 
exports to non-Communist countries during this period amounted to perhaps 
seven percent of consunption requirements.^ The actual disruption in 
physical supply was thus much less important than the impact which came from 
radically higher prices and the uncertainty generated by the threat of an even 
more stringent embargo. 2 The embargo, coupled with the gradual depletion of 
domestic "reserves, led to the "energy crisis" psychology. The uncertainty 
generated by this shortage psychology had its greatest impact on the demand 
for automobiles and related goods and services, such as travel. Occurring 

^Fried and Schultze [174], p. 1. 
2 

Initially the embargo was intended as a political weapon to shape 
Mideast policy. Threats of a 25 percent embargo were made, although the 
final figure was 10 percent. 

^Domestic production of crude oil peaked in 1971 and "proved reserves" 
have been gradually declining also. 
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concurrently with (but somewhat obscured by) the oil embargo, was the monetary 
"crunch" of 1973-74 which was brought about by a policy directed at containing 
the 1972-73 price inflation. Sharply higher interest rates and reduced credit 
availability precipitated a substantial recession in the construction industry 
and exacerbated the energy-related contraction in auto demand. 

As can be seen from Table 1, the employment reductions during the 
November 1973 to March 1974 period were highly concentrated in these sectors* 
The combined effect of the oil embargo and monetary policy reduced real 6NP 
growth by two percent for major industrial countries during the first year 
after imposition of the embargo.^ For the United States econony, GNP is 
estimated to have dropped by $10-$20 billion at annual rates during the em- 
bargo, and as much as one-third of the rise in the CPI during that period 
has been attributed to higher oil prices. ^ 

Althou^ the employment reductions were substantial and reached 
their highest level since the 1930*s, public attention and governmental 
policy focused more on the price increases than the unemployment.^ Three 
main -conomic consequences of the anti-inflationary policy merit discussion. 
First, price controls for crude oil and natural gas were instituted and 
subsequently extended. Since import prices were not controlled, this led 
to a two-tier pricing system, with consumer prices determined by the rela- 



Fried and Schultze Cl74], pp. 18-21. 
^See Perry [l94], pp. 96-97» 

^Back-of*^the-envelope calculations on the respective costs of infla- 
tion versus uneoployiaent are $65.0 billion in^lost jobs versus $165.0 billion * 
in co3t->of*-living losses. The public was "inflation conscious" at this time, 
having just gone through the food price inflation period. Also, "Watergate" 
was diverting considerable public attention. 
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Table 1 



Employment Changes During the Embargo, 1973-74* 












Percent. 












Change 




Total Employment 






November 




(000) 






1973 to 




November 


March 


October 


Change 


March 


Industry, Sector 


1973 


1974 


1977 


(000) 


1974 


Total Nonagri cultural 


78,728 


77,442 


82,926 


-1 ,286 


-1.7 


.Private Nonagricultural 


64,627 


63,162 




-1 ,465 


-2.3 


Construction 


4,194 


3,762 


3,940 


-432 


-10.3 


Manufacturing 


20,480 


19,987 


19,632 


-432 


-2.4 


Durables 


12,147 


11,847 


11,561 


-300 


-2.5 


Motor Vehicles 












& Parts (SIC 371) 


766 


625 




-142 


-18.5 


Nondurabl es 


8,333 


8,140 


8,077 


-193 


-2.3 


Trade 


17,188 


16,564 


-18,429 


-624 


-3.6 , 


Wholesale 


4,205 


4,162 


4,409 


-43 


-1.0 


Retail 


12,983 


12,402 


J 4, 020 


-581 


-4.5 


Auto dealers & 












service station 


1,810 


1,628 




-183 


-10.1 


Eating & drinking 












places 


3,098 


3,052 




-47 


-1.5 


Finance, Insurance & 












Real Estate 


""47133 


4,167 


4,564 


+34 


+0.8 


Services 


13,275 


13,345 


15,523 


+70 


+0.5 


Government 


14,101 


14,894 


15,368 


+793 


+5.6 



Source: U.S. Department of Labor> Eniployment and Earnings t United 
States » 1909-75. November was chosen as the first month to fully reflect 
the impact of the embargo* 



tive amount of domestic versus foreign crude supply.^ Seconds as a combined 
result of long lags in supply response^ increased costs, environmental re- 
strictions, price controls and uncertain government policy, domestic production 
continued the decline begun in the mid-1960's. Hence, over the past three 
years the U.S. has continued to import more crude oil and as a result has 
Incurred increasing balance-of-payments deficits. Third, prices and wages, 



So-called **new" domestic crude Is exempt from price controls. 
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particularly in the non-competitive sectors of the U.S. ecoriony, were escalated 
in response to increased energy costs. ^ Higher wage rates were passed on in 
the form of higher prices in- the private sector.- and contributed to inflation- 
ary budget deficits in the public sector.^ These escalations produced a 
general inflation which over time reduced the nominal rise in gasoline prices 
from 68 percent to a relative rise of 30 percent. The net effect of "general- 
izing" the particular energy price increases was to reduce the incentives to 
conserve on energy. 

1*2. Energy Policy and Quantitative Modeling. As noted above, the 
public perception of the energy problem was colored by the events of time. 
Furthermore, as a result of these events and other commodity shortages, the 
g overnmen t was not prepared to analyze this new-found problem.^° Although 
some experts had warned of the consequences of continued price controls on 
natural gas, the slowdown in domestic exploration, and the heavy dependence 
on Mideast oil, little if anything had been done in the way of analyzing 
the industrial impact of an oil embargo and/or radically higher oil prices. 
Hence, policymakers were at a genuine loss in terms of their ability to 
understand the dimensions of the problem. The lack of an organized basis for 
making judgments and asking relevant questions was recognized and steps were 



See Hall Cl79] on market structure and wage behavior. Kosters Cl86] 
has also analyzed the effects of increased coverage, of cost-of-living adjust- 
ments in raising overall wage-push inflation during this time period. His 
study suggests that higher wage sectors were better protected against real 
wage erosion. 

^Similar increases were granted recipients of transfer payments, 
particularly social security beneficiaries who received a "double dip" in 
1976 due to a technical error. 

•'•^or an analysis of these other shortages, see NCSS [191]. 
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taken to rectify this intelligence void. ^One of these steps was the initia- 
tion of energy modeling efforts. 

One of the main purposes of any economic model is to organize 
information. At a very basic level this may be nothing more than asking which 
variables are supply factors and which are demand factors. On a more sophis- 
ticated level it may give detailed information on prices, output', employment, 
wages and capital for hundreds of sectors of the economy. Hence models, inter 
ajja, provided a means for describing the dimensions, assessing the magnitude 
and ramifications of the problem, as well as performing the analytical tasks 
of measuring the feasibility and impacts of various conservation programs on 
the demand side and various technology adaptation and development policies on 
the supply side. Support for and interest in quantitative modeling of the 
energy problem came from two main sources— the Federal government (through the 
Federal Energy Acknini strati on, the Energy Research and Development Administra- 
tion, and the National Science Foundation) and private organizations, 
especially the Ford Foundation and the Electric Power Research Institute. A 
good deal of the impetus to government-sponsored research arose out of the 
Proje t Independence mandate for energy self-sufficiency. Strong emphasis was 
placed on the development of alternative technologies, especially nuclear.^! 
This type of outlook was more in the nature of planning for new technologies 
and meeting specified energy requirements given various institutional and 
economic constraints, as opposed to simulating the impact of various energy 
programs or policies. The planning-type efforts tended to center on optimi- 
zation or linear programming models. 

•'■•'■Originally ERDA was composed of a conglomeration of energy-related 
agencies. The most dominant by far of these agencies was the Atomic Energy 
Commission. 
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One example of this approach is the work done at the Brookhaven 
National Laboratory (BNL) on the Brookhaven Energy System Optimization Model 
(BESOM).^^ The BESOM-model incorporates detailed engineering information for 
a variety of new. as well as existing, energy technologies. The BNL recently, 
for example, conducted an analysis using the following four submodels: (1) 
the Data Resources Inc. (DRI) macroeconomic growth model. (2) the DRI inter- 
industry energy model. (3) the BNL-University of Illinois (U of I) inputs 
output mo"del. and (4) BESOM. These various models were linked in order to 
stu^y the energy and economic impact of a wide range of government energy 
policies.l3 While policy at ERDA emphasized the technological-type models, 
the government's other energy arm. the FEA. was more concerned with the econ- 
omic adjustments actually taking place. Although many models were, developed 
at FEA. the main one used for policy planning and forecasting is the Project 
Independence Evaluation System (PIES) model. The PIES is a fully integrated 
model which includes sectors for commercial and residential energy demand, 
transportation, refineries, utilities, coal, gas and oil supply, and inter- 
national trade. Since the FEA was the agency responsible for supply alloca- 
tion administration during the embargo (and would have presumably been the 
agency in charge of rationing should it have been deemed necessary), this 
type of model is appropriate for their purposes. 

Concern over the interactions between the general econony and the 
energy sector has not been lacking. In particular, the Ford Foundation, 
through its Energy Policy Project (EPP), was among the leaders in perceiving 
this aspect of the energy problem. In a report to the EPP in September of 

12 

All BIJL work is sponsored by ERDA (now DOE). 
^^See Behling [3]. 



19 



1973, ProfessO' Dale Jorgensbn and Edward Hudson pi'esented an interindustry 
transactions model for use in analyzing energy-general econony interactions. 
This model, in conjunction with the DRI long-term growth model, was used by • 
Jorgenson and Hudson to analyze the impact on prices and output of the propos- 
ed BTU and excise tax under consideration by the Congress. This mod^l was 
then further used by Jorgenson and Hudson to analyze three separate economic 
growth scenarios (historical, technical fix and zero growth) which were a 
major input into the EPP final report, A Time to Choose. The model has been 
used in many other applications including the interindustry sector of the BNL 
model. One of the most important features of the model is that it gives 
direct measures of the degree of substitutability between the various factor 
inputs. 

Another institution in the forefront of energy research is the Electric 
Power Research Institute (EPRI), which is supported by the electric utilities 
industry. One large-scale effort supported by EPRI is the Wharton Econometric 
Forecasting Associates (WEFA) energy model. The WEFA energy model combines 
econometrically estimated demand relations for 67 categories of final demand 
with a 63-sector interindustry model. As such the model portrays the econoiry 
in great detail, especially the energy-producing and using sectors, and is 
very useful in studying the interactions between the general econoiry and the 
energy sectors. Developed in 1976, the WEFA energy model is fi>lly operational 
and was used recently to simulate the effects of the crude oil equalization 
tax.-'-^ The EPRI, along with supporting research in other energy- related areas, 

14 

Houthakker and Jorgenson [182]. 
^Freeman [170]. 
^^Schlnk and Flnan [196]. 
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is also developing an in-house energy suLsactor model. In addition to the 
above activities fie EPRI also provides support to the Energy Modeling Forum 
(EMF) of the Institute for Energy Studies, Stanford University., The EMF 
provides a forum for interested parties from academia, government (congres- 
sional and administrative), and private industry tli meet and formulate energy 
policy and research issues.. As a first effort, the EMF has conducted an 
assessment and comparison of six major energy-sector general-economy models. 17 
Additional work was also carried on at Stanford University in the Engineering- 
Economic Systems and Operations Research Department under sponsorship of the 
Office of Naval Research (ONR), ERDA and NSF.18 Additional university- 
supported energy research is conducted at MIT's Energy Lab.l9 

The above overview is not intended to be al^l-inclusive with respect to 
individuals and institutions involved in energy modeling. Such a detailed 
review of modeling efforts is the purpose of Appendix A. The purpose, rather, 
is to convey the main impact of government policy on energy modeling.20 More 
importantly, it hopes to show how and why certain models were developed and 
how modeling entered the policy process. The large number and wide diversity 
of energy models reflects the wide divergence of perceptions of the energy 
problem and attendant policy issues or priorities to be addressed. In indus- 
try, government, and academia, the use of models tends to be related to the 
type of responsibility or activity in which the decis inn-ma king unit is 

•■•^See EMF [l9]. 

^hee Dantzig and Parikh [16], Dantzig [l5], and Parikh [35]. 
19 

See Bemdt and Wood [133], Bemdt and Wood [134]. 

2^he converse, the impact of modeling on government policy is not 
dealt with here. For a treatment of this interesting topic, see Greenberger, 
Crenson and Crissy [176]. 
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involved. For example, within the Federal governmenti. such interests en- 

compas,s a wide range including the following sorts of issues: 

. economic disruption and national security 

. exploration and development of alternative energy sources 

. conservation techniques 

. macroeconomic, policy adjustments, price level and balance- 

of-payments effects 
. long-term economic growth and employment effects 

Each particular model structure incorporates specific advantages and limita- 
tions with respect to"parficulaFappri^^^ is important for the 
decisionmaker to be able to choose a model which is appropriate for assessing 
the particular issues with which he has to deaU while at the same time being 
fully aware of what is not included, in the model and technique. In reviewing 
and assessing existing energy models with a view toward their applicability 
for studying problems of labor demand, two central questions must be borne in 
mind. First, what are the energy-employment issues? Second, are the models 
capable of addressing these issues? Before going into the detailed assess- 
ment of the models, it is desirable to give focus to that assessment by 
reviewing the energy-empToymeht issues. The following chapter is devoted to 
that task. 
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Chapter 2 

EMPLOYMENT-ENERGY ISSUES OVER THE NEXT DECADE 

In assessing the ernployment-energy Issues 1t 1s useful to do so 1n a 
manner which attempts to project a changing economic environment, at least 
as it relates to energy problems* This changing economic environment may be 
characterized in three distinct but interrelated phases. Th6 first phase is 
the initial shock, which produces substantial reductions in 6NP, double-digit 
inflation, and huge income transfers to the energy-producing sectors. This 
phase is of interest because its effects still persist to some degree and! 
because, conceivably, it could be repeated. The second phase, which is the 
adjustment process, is in the early stages. This phase is characterized by 
reductions in energy consumption by consumers and producers in response to 
higher prices, the initiation of new technologies such as solar heating, 
exploration for new energy sources such as the Alaskan north slope or the 
North Sfa g^s fields, energy-saving investments, and government policies de- 
signed to facilitate the transition and give economic relief to those who are 
adversely affected. The third phase relates to the equilibrium vai'ies, for 
economic variables such as prices, employment and output once all the adjust- 
ments are complete. This is not meant to imply that the econorry will 
eviantually end up in c static equilibrium, but rather that the adjustments 
to higher energy costs will be completed and a new economic-energy morphology 
will have emerged. This configuration will have manpower-skill requirements 
which are conceivably quite different from those which exist today. 

2.1. Post-Embargo Shock Effects. As recounted above, the oil errtbargo 
created considerable economic uncertainty, the main direct effect of which 
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was to reduce the, demand for autos and travel. The other main direct 
employment effect was In housing where demand was curtailed more by the 
"credi-t crunch" than energy-related actions. A good deal of the economic 
distress usually identified with the energy crisis can be ascribed to the 
inflationary conditions prevailing in. 1972-73 and the consequent restric- 
tive monetary nolicy. There is no doubt, however, that the oil entargo and 
its aftereffects intensified recessionary pressures, added substantially to 
the inflation alreacty under w^, and had disastrous effects for the balance- 
of-pj»yments. Nonetheless, it is difficult -co foresee even with the help of 
hindsight what policy options might have been taken to avert the problems. 
Should an enbargo be reimposed. even under more stable economic sr!d social 
conditions, the effects could well be the same, mitigated perhaps by petro- 
leum stocks -and the experience of having "muddled through" the first enfcargo. 
Valuable lessons were, of course, learned from this period. However, the 
main consequences relate to how events during this period set the stage for 
the second phase-the adjustment process. The enployment Impacts during this 
period were immediate, obvious, and as s .h did not require any particularly 
sophisticated modeling effort to analyze them. 

2.2. Sustained Higher Relative Prices for Energy-The Adj ustment 
Process. The main consequence of the formation of OPEC appears to be per- 
manently higher energy prices. While the authors do not share the view that 
the world is fast running out of fossil fuel ,21 it does appear true that most 

« l^^'r^^li^^^ "fo^f^ '^^^ "-S* is running out." On this point, see 
Houthakker [125], pp. 13-17. While it is not the purpose of this report to 
detail the history of connodity shortages in the LVS., an historical perspec- 
tive is useful in assessing soiae of the posiltions taken and claims made with 
respect to fuel reserves" and prospects for discovering new sources. The 
U.S. first eacperienced a petroleum shortage in 1917 when the Director of the 
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of the "readily accessible" (hence economical) fuels have been discovered^ 
This means that OPcC's final price will be equal to the cost of bringing out 
the marginal barrel of new crude, which is likely tc be quite high, providing 
OPEC countries with substantial economic rents. 

Adjustments to permanently higher energy prices can be expected in 
three main areas. First, relatively higher prices will create incentives for 
consumers and producers to conserve on energy-intensive items. For consump- 
tion patterns, this will mean more fueVefficient cars, electrical appliances, 
and homes, for example. Retrofitting existing homes through better insula- 
tion, storm windows, or partial solar heating are other options. If markets 
are "freed up," and most indications are that eventually they will be, then 
relative prices will rise in proportion to the energy-intensiveness of the 
product. Although consumers may not make the kind of "fine line" adjustment 
to price differentials often portre^yed in economic texts,, a definite tendency 
to conserve will be present. The impact on employment is, however, difficult 
to assess. As consumers turn away from energy-intensive produc]:s, they will 
substitute other products whose labor requirerr^nts may be such as to raise net 
employment, itost basic energy products— i.e. gasoline, electricity, natural 



Bure&iiu of Mines recommended that oil shale would soon become the country* s 
main source of petroleum, because of the shortage of oil fields. (U.S. Dept. 
of the Interior, Bureau of Mines, Seventh Annual Report , 1917, p. 78). This 
statement was followed by a study in 1919 \^ich concluded that petroleum re- 
serves in the* U.S. were 40 percent exhatjsted (Engineering and Mining Journal > 
October 4, 1919, p. 572). In 1924, then President Calvin Coolidge established 
the Oil Conservation ioard. The Board's conclusions issued in 1926 were even 
more startling^only six years left. This prediction was followed by two 
decades of oil gluts, during which time not even the most gullible of the 
citizenry wo^lld axipport any more scarcity scares. However, by 19^44 the 
Congress had succeeded in pa ssing the Synthetic liiqyxLd Fuels Act which inclu«* 
ded nubstantial ftmdt for tha BOM for research on synthetic fuels. Again the 
rationale for the passage of this act was the; alleged shortage of petroleum, 
which according to the testimony would be ^'of the most serious proportions by 
1950'* ( Synthetic Liqtild Fuels ^ Hearings before the Subcommittee of the Senate 
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gas»-have very low labor requirements. Furthermore, labor in these industries 
Is more of an overhead item, in that employment is not proportionate to out- 
put. Hence, a 20 percent reduction in refinery output would not be likely to 
Induce a 20 .percent employment reduction at the refinery. When assessing con- 
sumer substitution possibilities, the outlook for generating additional labor 
df/nand is quite good, especially with regard to home insulation and solar 
heating. 22 on the other hand, the production qf energy-efficient cars may be 
accompanied by continued trends toward labor-saving technologies. The real 
danger to employment here is the threat from foreign inports. If foreign car- 
makers do have a technological advantage oyer xhe U.S. (a conjecture which we 
doubt) in the production of fuel -efficient,, cars, then employment in the auto 
industry could suffer considerably, leaving aside exchange rate effects, and 
foreign direct investment in U.S. production of foreign makes. 

■ The other major aspect of the substitution question is the extent and 
direction of. incentives fpr producers to substitute labor for energy as a 
result of higher energy costs. 23: in an input-output analysis for three sepa-. 
rate tino periods during the postwar period, Reardon [44] found that energy 
use varied greatly between periods in. response to demand shifts and technolo- 

Interior and Insular Affairs Committee, January 29, 1948, p. 27). These 
shortages" bave not been confined merely to petroleum. Tor accounts of 
shortages in general see Bruce Netschert, Shortage. Scarcity and Doomsday 
Fears (National Economic ^Planning Associates). " Various Presid«jntial Commis- 
sions have been established to deal with commqtiity shortages. T?,ese have 
included the President's Material Policy Connission (1951) ,i popularly called 
the Paley Coiaaission, the National Commission on Materials Policy and most 
recently, the National Commission on Supplies and Shortagcsi s4e Government 
and the.Natj-oas Resources :(Report of the National Commission on Supplies and 
Shortages, December 1976). 

22sce Ziegler [202j, pp,. 21-24 for a description of the CETA-sponsored 
Solar Technician Program at Sonoma State College. 

23see Bemdt and Wood [l34]. 
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gical changes. In production, energy efficiency gains, even prior to the 
1970's were substantial, though these were offset by shifts in demand (more 
autos. air travel, chemicals and plastics, electrical appliances and services 
tended to raise overall energy consumption requirements over time). If, as 

.^^°^» capital and energy are complements and both 
are substitutes foV labor, then it is likely that the high energy prices will 
bode well for labor demand. This very point has stirred considerable contro- 
versy, 24 both with respect to the validity of the complementary relation 
between energy and capital and, more importantly, whether or not energy im- 
pacts will be output and hence labor-reducing. The argument turns on whether 
the amount of reduced output will be greater or less than the demand generated 
by the substitution of labor for energy. Professor Jorgenson has advocated 
the position that higher energy prices will expand the demand for labor (the 
substitution effect will dominate), while others such as Professors Domar, 
Bischoff, and Asimakopulos have taken the opposite position (the output effect 
will dominate). Clearly, the energy-producing sectors such as refineries and 
electric utilities will attempt to substitute labor and capital for energy. 
Unfortunately, direct substitution effects will probably favor capital and not 
labor, as employment is very small in these capital-intensive sectors. Hence, 
even substantial percentage Increases will not be a great source of new jobs. 
The indirect effects on employment generated by increased capital expenditures 
may be the more significant response here. 

The second main way in which permanently higher energy prices will 
affict the demand for labor is through their effect on the general level of 
prices. The U.S". econoiny has already experienced a great deal of price in- 

Business Week. SeptetDber 12, 1977, pp. 134-138, 
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flation as a result of the energy price increases. This inflation has had 
adverse effects or. investment and hence economic growth and employment. 
Inflation tends to raise interest rates by an amount reflecting a price 
expectations premium. Higher interest rates tend to reduce investment in 
general and construction sector activity in particular. Inflation also in- 
creases the replacement costs of existing capital goods rendering reserves 
from depreciation based on historical costs inadequate to meet replacement 
requirements. It also increases (in conjunction with higher interest rates 
and higher capital goods prices) the user cost of capital , which reduces the 
incentive to invest. Perhaps most importantly, inflation reduces investment 
because of the, uncertainty which it generates. Investments require consider- 
able planning and generally are spread out over time—plans must be drawn, 
contracts let, equipment purchased, labor hired, etc. If businessmen cannot 
know with some reasonable degree of certainty what prices they must pay at 
these future times (or what price they will receive for their product), risks 
associated with investment can become prohibitive. Higher inflation rates 
push both individuals and corporations into higher tax brackets. In combina- 
tion with understatement of depreciation charges, this tends to shift 
resources from the private to the public sector, which if not offset by 
appropriate tax reductions tends to reduce incentives to produce. Finally, 
inflation removes the differentials between energy-intensive goods and other 
non-energy- intensive goods which, in turn, reduces the Incentives to conserve 
on the scarcer resource— energy. 

The third effect of higher energy prices on employment is through the 
balance-of-payments aiid exchange rate mechanism. For reasons mentioned 
earlier the U.S., since the lifting of the oil embargo, has steadily imported 
more crude oil and more natural gas. This increased importation at prices 
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three and a half to four times their pre-embargo levels has led to massive 
U.S. trade deficits and contributed to the weakness of the dollar in foreign 
exchange markets. Continued devaluation of the dollar will imply that the 
U.S. must devote more and more of its resources to the export sector, which 
Implies an overall reduction in living standards for U.S. citizens. Since 
many other nations, both industrial and less developed, are also running 
trade deficits, the final outcome of this international realignment is ex- 
tremely difficult to analyze. For example, while a net devaluation of the 
dollar might lead to higher exports, the higher prices for imported goods 
would contribute to domestic inflation, and the net employment effect of the 
devaluation might well be negative, as recent experience seems to show. Much 
of the longer-term outcome depends on what the OPEC countries do with their 
petro-dollar surpluses. If they import goods for consumption, or lend funds 
to other deficit countries, the U.S. will probably benefit. If they invest 
in U.S. and foreign businesses and "live off" the interest, then the effect 
will be quite different. 

2.3. Lohg-Run Energy Developments— The New Equilibrium. Once adjust- 
ments to the four- fold increase in energy prices have occurred, the economy 
Will, in the absence of other disruptions (which presumably will occur), take 
on a new set of equilibrium values. The term equilibrium does not imply that 
there will be, for example, no growth. Rather, it simply means that a new 
growth rate (a new set of balances between supply and demand) will be estab- 
lished. More importantly, as related to energy, it means that the new 
technologies such as solar heating, nuclear or geothermal electricity gener- 
ation, new insulation standards and, most ' importantly, ideas and innovations 
not yet conceived, will be nearing their long-run market shares. The U.S. 
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econony will be somewhat mere labor and capital-intensive, somewhat less 
energy-intensive. With regard to labor demand, there are two aspects of this 
new equilibrium which are of interest. First, there are the industry parti- 
cular effects such as what will be the employment-skill configuration in the 
solar heating Industry. It is these industry-specific effects which will be 
of great interest to manpower analysts. The second aspect deals with the 
configuration of the general, econony as it relates to the increased scarcity 
of energy. General industry and trade will, as a. result of higher energy 
prices, require a different skill mix in the labor force as a result of the 
adjustment. 

Assessing the manpower requirements and labor demand configurations 
which will occur as a result of economic changes in^)lied by each of the three 
adjustment phases mentioned above is indeed an ambitious task. In a manner 
similar to the way in which they were employed to. analyze the initial energy 
Issues (mainly conservation), models can make a contribution to understanding 
the issues outlined above. The earlier objectives for energy models were to 
provide a "map" of the terrain and to determine the extent and feasibility of 
conservation measures. This type of analysis, while difficult, did not in- 
volve conflicting goals. However, the analysis of the employment impacts of 
conservation policies or, for that matter, price controls, will indicate 
trade-offs between the two. Indicating trade-offs is one of the main 
functions of economic analysis. In doing this analysis, models will, of 
course, be useful. However, such analysis will also prompt a closer scrutiny 
of the models and their results. 
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Chapter 3 

GENERAL CONCLUSIONS FROM THE MODEL REVIEW 

the purpose of this section is to provide analytic suirmaries of the 
various types of energy models, to. categorize the various models according to 
the types of problems which they can address, and to assess the capability and 
adaptability of these existing models for the study of employment and manpower 
problems. The models are categorized by three main subdivisions. First are 
the general -econorny energy-sector interactions models. These models attempt 
to portray how, and to what extent, the general econorny depends on the various 
energy sectors and vice-versa. These models are typically highly disaggrega- 
ted in order to show differential effects on various non-energy sectors. 
Next, the review focuses on the large energy sector models. These models 
encompass all of the various energy types and/or sectors, but do not contain 
non-energy sectors. Lastly, we look at individual energy sector models, such 
as natural gas, electricity, etc. 25 

General -Eco nomy Enerciv-Sector Interactions Models . Models included 
under this heading are those which generally portray both the energy econoiny 
and the rest of the econoniy and allow for feedback both ways. For example,' 
these models are capable of analyzing the effect of a crude oil price increase 
on employment in the machine-tool industry as well as its effect on er.srgy- 
related industries. Hence, the main purpose of these models is to analyze the 
prices of primary energy inputs. In. fact, these models were built primarily 
to analyze the impact on GNP growth of restricted energy supplies. Models of 

25 

Detailed reviews of individual energy mot' -Is are given in Appendix A. 
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this type can be conveniently divided into two distinct, but sometimes over- 
lapping groups. The first group includes models whose relations are specified 
on the basis of economic theory, whose solution technique is simultaneous and 
whose, principal architect is trained in economics. This group is referred to 
as simultaneous models. The second group of models relies on relations based 
on engineering data and known physical processes. These models use optimiza- 
tion techniques, such as linear programming, to arrive at the solution and are 
frequently designed by engineer's, mathematicians and individuals with training 
in operations research. These models are referred to as optimization models. 
As such they tend to downplay the role of demand and price vis-a-vis the 
simultaneous models. By the same token, the simultaneous models tend to 
ignore the detail of alternative engineering processes and detailed supply 
considerations. Ideally— i.e. if both types of models were correctly 
specified— they would yield identical results. Such, however, is not the 
case. The optimization models, because of their detail and because of the 
ease with which physical constraints such as environrrental regulations can be 
adapted into the models, are perhaps more useful as planning devices. This is 
not a trivial consideration since large parts of the energy economy are 
presently planned through considerable government regulation. On the other 
hand, the simultaneous models portray more of a "free market" solution and 
frequently lack the detail necessary to model particular restrictions and 
regulations. Another important difference is that in the simultaneous model, 
relations based on economic theory assume maximization by individual micro 
units— e.g. consumers n^ximize utility, producers maximize profits. However, 
the optimization models nHiploy aggregate objective functions, such as the 
maximization of gross national product, etc. 

The simultaneous models include the Hudson- Jorge nson model, the WEFA 
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energy model > the Kennecly-Neimeyer modeU the BLS growth model > the Hnyilicza 
model, and the INrORUM modeK These models are centered around an inter- 
industry transactions model, varying In size from two industries in Hnyilicza 
to 185 in INFORUM, They are typically "driven" by a set of econometrically 
estimated final demands for consumption^ investment> exports and (exogenous) 
government. These final demands are converted from expenditure categories to 
interindustry (SIC) classifications by bridge matrices. The interindustry 
sector is then used to determine total output by, industry^ labor demand by 
industry^ imports » etc. Next> prices and wages are determined^ either 
behavioral ly or via I-O accounting identities. Given wage rates and employ- 
ment (plus other components) income can be determined and the , model is closed, 
since income is the main driving force in the final demand vector mentioned 
above. The interindustry sector in these models is handled in a manner which 
allows the I-O coefficients to respond to price change (Hudson-Jorgenson and 
WEFA) or which are modified in some judgmental or structural method (BLS and 
INFORUM). The energy sectors represented in these models are portrayed in 
the same level of detail as the non-energy sectors. As a result, the degree 
of industry-specific knowledge or detail contained in these models for any 
given industry is quite IoWp This is not unexpected, nor for that matter, un- 
desirable. Depiction of each energy industry in detail in a model which also 
contains the general econon\y in some detail would lead to models which^are 
unmanageable in size and Incomprehensible for analytic purposes. All of the 
above-mentioned models contain labor demand relations for each o.f the indus- 
tries within the model. The BLS model has the added feature of determining 
manpower requirements by industry by skill group. The other models could be 
easily modified to incorporate this feature since they also determine industry 
employwent. 
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The simultaneous models typically assume full employment. This is 
done either by letting population (which is exogenous) determine the labor 
force and then setting the unemployment rate at. say, four percent and compu- 
ting labor demand or by adjusting government employment. Labor demand can 
then be fed into the aggregate production function along with other inputs to 
yield total output. At first it may seem quite contradictory that the models 
assume full employment. There are perhaps two reasons why this, is done. 
First, economic theoi7 has no real explanation for unemployment in a growth- 
oriented potential output model. Neoclassical economic theory assures full 
employment of all factors through assumption of competition in factor markets, 
i.e. factor prices will adjust until full employment is reached for each 
factor. The Keynesian model shows how to create sufficient aggregate demand 
to meet some given historical potential output level. However, the Keynesian 
model ignores the crucial issues of growth and supply of output, thus making 
its usefulness limited. The second reason is a more practical one. As pro- 
jections are made further and further into the future the errors from each 
equation become successively larger. A two percent error in the labor demand 
equation coupled with a two percent error in the opposite direction in the 
labcr supply relation will produce a 100 percent error in the unemployment 
rate. Hence, long-run projections can,, quite easily, produce forecasts for 
the unemployment rate which are prima facie suspect. This can be remedied by 
changing labor force and/or labor demand estimates, or (as is more likely) by 
fixing the unemployment rate at some predetermined level. In this 5.ense the 
unemployment rate is a control variable. The same can be accomplished on the 
capital side by setting the rate of interest exogenously. 

Among the models mentioned above, the Hudson-Jorgenson is perhaps best 
suited to study problems of long-run equilibrium. The Hudson-Jqrgenson model, 
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as noted in the Appendix, ignores lags and habit formation in consumer and 
producer behavior. Also, the estimates of the model reveal considerable 
flexibility in terms of price responsiveness. Given institutional, techno^ 
logical, psychological and financial rigidities present in the U.S. economy 
today, this degree of flexibility is to be expected only in the long run 
after full adjustments have occurred. However, the manner in which the I-O 
coefficients are determined (i.e. from relations estimated from time series 
data) is superior for long-run analysis to the judgmental approach of BLS 
and INF0RUM.26 The H-J model is composed of two main submcuels. The fivst 
submodel is a nine-sector interindustry transactions model with four general 
economy sectors and five energy sectors.27 The energy sectors are cpsl 
mining, crude oil and gas. refining, electric utilities, and gas utilities. 
The main function of the interindustry model is to determine prices. 1-0 
coefficients and. hence, interindustry flows and industry employment. The 
other submodel, a macro econometric model, determines total enployment. out- 
put, consumption, investment, the wage rate, price of capital services, 
capital stock, wealth and leisure time. The two key relations in the macro 
model are the production possibility frontier and the household consumption- 
leisure utility function. The former yields the investment supply, consump- 
tion supply and labor demand, while the latter yi-elds-consumption demand, 
leisure time demand and. implicitly, savings. The production possibility 

frontier relates labor and capital inputs to- outputs of consumption and in- 
« 

26 

The WEFA model also emRioys, price-sensitive 1-0 coefficients. 

27The nine-sector aggregation level is based on the model described in 
Jorgenson and Hudson [26]. This model was modified to include eighteen 

Hudson'* °' "r^it ^"'^ 1977. See Dullien. 

Hudson and Jorgenson [l8] for a description of the DRI long-term interindustry 
transactions model. See also Appendix A for a further descrip^on? 
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vestment goods. The labor demand relation is derived from this frontier and 
displaiys unitary elasticity with respect to the wage rate, price of capital 
services, and quantity of capital services. Investment supply is expressed 
as a transcendental function which has no closed form representation. Hence, 
the elasticities cannot be computed, i.gnoring the transcendental term, the 
^ supply elasticities for investment with respect to the price of investiiient 
goods, price of capital services and capital service flows are all unitary 
also. Through the use of multiperiod utility function, present and future 
consumption are linked via the interest rate and the subjective discount rate. 
Hence, increases in the interest rate should affect leisure demand, consump- 
tion demand and hence savings. However, although the slope coefficient for 
income in the consumption demand relation should be a function of the interest 
rate,28 it is treated as a constant. 28 Furthermore, the individual demand 
relations for consumption and investineht for each sector have unitary price 
and income elasticity and zero cross-price elasticities. Because of the 
assumption of constant returns to scale, all individual industry supply curves 
have zero supply-price elasticity, i.e. they are perfectly flat. However, 
since the model is a general equilibrium model, the operational properties of 
individual relations when the whole model is solved simultaneously may be 
quite different. An interesting exercise for the H-J model would be to compute 
the reduced form multipliers and multipliers for selected endogenous variables 
to gain a better understanding of the operational characteristics of the 
model. Despite {he shortcomings mentioned above, the Hudson-Jorgenson model 

'28' 

See Dullien, Hudson and Jorgenson [18], pp. 12-13. 

2%ee Dullien, Hudson and Jorgenson [iS], p. 13 and Jorgenson and 
Hudson [26], p. 487. 
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is an impressive acconplishment. it is the first internally consistent, 
fully simultaneous empirical m6del of economic growth. It is based on a solid 
theoretical foundation and is inplemented with, a system of accounts, designed 
by Jorgenson. which are compatible with growth concepts (mainly flows of 
capital services) used in the model. The model is not overburdened with 
detail, but is presented in sufficient depth to delineate the major sectors 
of the U.S. economy. Also, the model overcomes an inportant data limitation 
of interindustry models. Interindustry flows and totals are available only 
for a few selected years. Hence, a time series is unavailable for estimation 
Of total output production functions by industry. The use of the translog 
price frontier allows the model to capture interindustry cost relations in a 
satisfactory manner and. at the same time, impose none of the restrictions 
implied by the lack of availability of output data.^O 

As was noted above, the H-J model is strictly an equilibrium model. 
No attempt has been made to build in the lags and adjustment processes which 
must accompany the movement from one equilibrium point (or path) to another. 
A model perhaps better suited to study these shorter run adjustment .problems 
is the WEFA energy model. The WEFA energy model consists mainly of a Keynesian- 
type system for the final demand block, a price-sensitive interindustry 

on ^^,o the Hudson-Jorgenson model presented above- ia based 

LrTol8:Lorfmi ^''^^ jorgen^oHnd^ss 

L^/j and vorgenson [184 J. since the time of these publications, considerable 

to'ritici^ °' these^hanges were in respons: 

to criticisms of the type given above. The model presently contains ten 

gS se^% rw^Ln'dlsr^ listed above. The cruL petroLra^d^Lt^ral 
gas sector has been disaggregated into two separate sectors. The macro model 
no longer contains a production possibility frontier, but n^w reliS on thf 

d^;;^ re^M ^r'" ^^^^^ °' ^^e interindustry model! T^e 

f^-i "^''f ^^"^ ^^^"^ generalized to include cross-price effects and the 
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transactions model, and a wage-price block built en "Phillips curve"^ and key 
industry wage relations and price equations based ibn wages and J-O prices. 
The WEFA model is based on annual data. The variolic demand- relations were 
estimated using the Almon lag technique. These lags inply lengthy adjust- 
ments, some extending back seven years. The price-sensitive I-O coefficients 
display a geometric adjustment process over time. 

However, in comparison with Hudson-Jorgenson, the WEFA energy model 
has important differences. These basic differences reduce primarily to the 
fact that the WEFA energy model, while containing Important extensions, 
remains basically a Keynesian model. This Is revealed by the limited role 
which the Interindustry sector actually plays in the moael. Given wage rates. 
Implicit value-added deflators are determined by unit labor and capital costs 
and rates of change of value-added output. Next, interindustry prices (WPI's) 
are determined by the value-added price for that sector and the (1-0 weighted) 
other interindustry sector prices. The final demand prices are then related 
to the WPI prices through the use of the 1-0 final demand bridge matrix. 
However, although total industry outputs and interindustry flows are computed 
In the model, their only use appears to be in the computation of the 1-0 
coefficients to compute the WPI's. Labor demand, in manhours by industry is a 
function of value-added (not total) output by industry and industry capital 
stock. This is referred to as an inverted production function approach. If 
so, the sign on the capital stock variable is often incorrect. Also, this 
specification fails to distinguish between the level o^ capital stock and the 
flow of services from the stock. More important is the exclusion of all 
intermediate and primary factors (except labor and capital) from the labor 
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demand relation. 31 Exclusion of these inputs has implications for the pro- 
duction function wnich are clearly unrealistic. 32 Also, this implies that 
changes in energy costs affect labor demand only indirectly, i.e. through 
demand-induced changes due to changes in relative prices. A similar critique 
can also be made of the investment demand relations. Furthermore, another 
fundamental question arises concerning the lack of use of the interindustry 
sector. This question centers on the supply or offer curve for each industry. 
Given prices and income, output (both value-added and total) is determined. 
Hence, the supply relations, as in the H-J model, are buried in the price 
formation relations. However, the H-J model explicitly assumes constant 
returns to scale and hence flat supply curves. Close examination of the WEFA 
value-added price equations reveals that they imply supply curves with both 
increasing and decreasing returns to scale. However, as specified, the price 
equations are not intended to reflect the degree of returns to scale. Rather 
the specification is based on the short-run relationship between prices, unit 
costs and profit margins. Furthermore, such factors as differential trends 
in unit costs and prices by industry due to data errors will be absorbed as 
returns to scale phenomena. Such is not possible in a growth model with a 
fully integrated set of accounts. Also the ties between present and future 
consumption and production of investment and consumption goods are not as 
specific as in the H-J (model. For example, no aggregate consumption function 
exists in the WEFA model. Hence, ties between future and present consumption 
occur mainly via the effect of !:he interest rate on durable demand, an effect 

31_. 

The other primary factors are raw materials including crude oil, 
natural gas, coal, etc. For a further discussion of the inclusion of raw 
materials in a production function context, see Eckstein and Heien [164], 



32 



See Bemdt and Chris tensen [l56] and lOenny and Fuss [l62]. 
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which has more to do with financing arrangements than present-future consump- 
tion trade-offs. 

<The above critique is not meant to inpfy that the WEFA energy model 
is not useful in addressing questions of energy policy as it relates to labor 
deiiK^nd. The degree of industry detail is very useful, especially for manpower 
analysis. More inportant is the treatment of lags and adjustment processes. 
r<lie WEFA energy model is the only general -/jconon\y enc-r-gy-ssctor model to deal 
with these adjustment processes in a njesnih^ful manner. Furthermore, the WEFA 
model does not require the assunption of fullj enployment, making it even more 
useful for the shorter-run adjustment question.. Even for longer-term analyses 
this may be important since, as -noted in Chapter 2, the issue of whethe*^ 
higher energy prices produce a larger substitution .effect or output effect is 
still not fully; answered by present research efforts, The interactions of 
differential lags structures, especially on the demand side, should reveal 
interesting characteristics of the adjustment path for output, prices and 
employment. However, the labor demand relations .should be reworked before any 
such analysis is undertaken. 

The remaining general -economy energy-sector simultaneous models uhich 
are of ^interest are the INFORUM model by Clopper Almon at tihe University of 
Maryland and the Bureau of Labor Statistics (BLS) economic /jrowth model. 
Although containing important differences, the BLS and INFORUM models ave 
quite similar in structure and operation. Both models, rely on an I-O matrix 
driven by a vector of final demands. Furthermore, both models share comnon 
shortcomings such as lack of market adjustment processes, lack of price 
behavior, lack of financial sectors and financial links, ad hoc adjustment 
procedures, especially with regard to input-output coefficients, and inade- 
quate labor demand relations. At present both BLS and INFORUM lack price 
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determination equations of any kind. In INFORUM, prices are exogenous33 while 
in the BLS model only aggregate consumption goods prices are determined via a 
Phillips curve relationship in order to determine real disposable income 
which drives the consumption functions. Prices apparently have been removed 
from the consumer and investment demand relations, so relative price adjust- 
ments are not modeled. Basically, there is no price behavior in the BLS 
model. Without endogenous price behavior, no real adjustment between supply 
and demand occurs within these models. There are no supply relations, not 
even existing implicitly as price equations. In the INFORUM model, consumer 
and investment demand does depend on prices. However, since the prices are 
exogenous, demand is supply, as in the BLS model. Furthermore, since there 
is no price behavior, the effects of wages on costs and prices is non-existent. 
By the same token, interest charges play no role in the model as there is no 
financial sector to link savings, investment, and the money supply to interest 
rates. Bo"tTmo"dels rely on non-economic mechanisms for the adjustment of I-O 
coefficients. In the INFORUM model 1-0 coefficients are adjusted on the 
basis of logistic curves, estimated with historical data, and ad hoc judgment. 
Eithe, way, the behavior is not price-induced as economic theory would 
suggest. BLS also uses ad hoc adjustment of the 1-0 coefficients, although 
work on a price-responsive system is under way. For long-run projections of 
an econoiiy under assumptions of a relatively unchanging structure (or contin- 
uation of past trends), such adjustment procedures may be adequate. However, 
for simulations of the effects of a major change, such as energy prices, 
employing this procedure will lead to erroneous projections. Of particular 
weakness in these models is the treatment or labor demand. Labor demand (L) 

^^Future versions of INFORUM will have a full price determination 
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by industry is arrived at by multiplying labor productivity (L/Q) by Q where 
Q is the (previously arrived at) industry output. However, the estimate of 
labor productivity is made independent of wages, prices and output. This 
implies, inter alia , that the elasticity of labor demand with respect to 
output is unity, a highly implausible assumption. More importantly, it ' 
excludes from labor demand the important effects of changes in wage rates, 
other Input costs, output prices, and technological change— all of which have 
been found to be important determinants of labor demand in practically every 
successful enpirical stucjy of the subject. Reservations notw=nhstandi»,g, 
these models can play a role in energy-employment analysis if used in the 
proper manner. The level of detail, 185 sectors in INFORUM and 134 sectors 
in the BLS model, and the incorporation of employment projections by occupa- 
tional category in the BLS model, makes these 'rae^els quite appealing for 
manpower analysis. Also, the BLS model has the advantage of Bureau-wide 
expertise in productivity, employment, wages and prices. The models could be 
used, within bounds prescribed by the results of analytically more rigorous 
models, such as Hudson-Jorgenson or WEFA. It would be possible to take total 
and sectoral output and prices from various runs of the H-J model and use them 
as input assumptions (control totals) in the BLS or INFORUM models. However, 
before any sv.zh exercise is undertaken, the labor demand relations should be 
reworked. 

The second group of models in the genera l-econon\y energy-sector 
interactions group includes those models which use explicit optimization 
techniques as their basic methodology. These models include the ETA-MACRO 
model (Energy Technology Assessment), the PILOT model, some of the work at 
Brookhaven National Laboratory with the BESOM model, and work at the Lawrence 
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Berkeley Laboratory. Although It contains only one non-energy industryj 
the ETA model uses non-linear optimization techniques to choose among sixteen 
energy processes. Constraints on savings, investment, labor, and output come 
from the macro model while energy outputs are determined by the ETA optimiza- 
tion model. The PILOT and LBL (Lawrence Berkeley Lab) models are structured 
somewhat the same, utilizing highly detailed process models of the energy 
industries and input-output representations for the non-energy sectors. 
Unfortunately, the suppression of price behavior and the use of fixed I-O 
coefficients (as process coefficients) in PILOT and LBL effectively reduces 
the scope for economic choice to the point where these models cease to be 
attractive as instruments of analysis for econony-wi de scenarios. This group 
of models is characterized by disaggregation of the production side. Typi- 
cally, the models incorporate both an interindustry structure and a detailed 
energy sector. This detail reflects recognition of the extensive substitution 
possibilities which exist among both primary energy forms, and means for power 
conversion. In addition, this structure permits modification of energy and 
other oroduction technologies in the way of allowing for introduction of new 
energy supplies and technologies. More fundamentally, it reflects a recogni- 
tion that energy is a derived demand, and that its immediate in^jortance is to 
-the. supply .potential of .the. econorny.. Hence,, the. focus -is- on- detail for the 
supply side of the econony in the modeling structure. 

Among this class of models ( general -econoiT\y energy-sector interaction 
optimization models), ETA-MACRO and BNL portray the economy with sufficient 
realism to warrant use as manpower forecasting tools. Even then there are 

^^In Appendix A the BESOM aad Lawrence Berkeley models are Included 
in the section on energy sector models. This was done because although the 
non-energy sectors are represented, their role in these models is minor. 
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serious drawbacks* ETA-MACRO has only one good produced for final demand* 
Hence, output is generated from the supply side by the mix of inputs— electric 
energy, non-electric energy, full employment labor, and capital. The model 
could be substantially improved by providing for the output of two goods—one 
energy-intensive, one not* Then price-sensitive demand relations could be 
added to capture the differential demand effects as energy costs (and hence 
prices) rise over time* As presently constituted, output is more like a 
"control variable" which tracks the model out over long periods of time, 
rather than a summation of individual industry outputs. Hence, the model can 
address questions of employment and occupational demand only within the energy 
sector where, as has been noted previously, employment is not large anywey. 
However, the model does represent a varied array of alternative energy techno- 
logies35 and use of the model will yield growth patterns for each of these 
various technologies (such as are found in the Bechtel energy supply planning 
model), construction manpower requirements associated with various energy 
scenarios could be analyzed. Hence, ETA-MACRO is useful for simulation of 
long-run energy sector developments with some interactions with the general 
economy. In order to add realism to the model, additional work, indicated 
above, needs to be done on the general -econorny (MACRO) sector. 

The other optimization model which shows promise for general -economy 
energy-sector interaction analysis is the Brookhaven energy supply optimiza- 

35 

Those various technologies include: for electricity — hydro, fossil, 
low-cost coal, high-cost coal, light water reactors (LWR) no plutonivtm re- 
cycle, LWR Plutonium recycle, fast breeder reactors, and advanced solar 
electric; for non-electric— petrolem and natural gas, coal-based synfuals, 
shale oil, electrolytic hydrogen, low-cost non-electric alternative ($5/inil. 
BIU), high-cost non-electric alternative ($8/mil. BTU), and coal (other than 
synf uels) . 
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ti on model (BESOM) linked- to the Hudson-Jorgenson DRI interindustry growth 
and macro models. This configuration uses the H-J DRI models for the non- 
energy sectors and links the BESOM linear programming and BNL-University of 
Illinois I-O models to them. These links are not simultaneous, hence the 
models are iterated back and forth until certain consistency checks are met.^^ 
BESOM contains more technological . detail than ETA-MACRO. For example, 
synthetic fuels, one category in ETA, is divided into coal synfuel and oil- 
synfuel. Also, environmental and regulatory constraints are included in 
BESOM. The model is fully adaptable for the study of manpower analysis and 
projections, and contains considerably more non-energy industry detail (110 
1-0 sectors) than does ETA-MACRO. However, the size, the degree of detail's 
and the lack of documentation tend to make the model almost incomprehen- 
sible.^^ Nevertheless, it is a useful tool, especially for energy-sector 
analysis where some interaction with the general economy is required but is 
not the primary focus. 

Recently, the Energy Modeling Forum (EMF) completed a comparative 
analysis of the major general -econoniy energy-sector interactions model s.^^ 

-^"In some verslons^xeferred to as Dynamic Energy Supply Optimization 
Model (DESOM). 

37 

See Appendix A" for a further description- of the^ linking procedure^i 
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-^^In reviewing the model, Professor Lave expressed a similar sentiment, 
"This size, complexity, and wedding of models leaves me slightly uneasy; I 
cannot find precisely what assumptions or structure of the model produces the 
results observed in the scenario/' Hitch [22], p. 285. As noted in the 
Appendix, lack of proper documentation plagues all of the models reviewed and 
BNL should not be singled out. This lack may have resulted from the time 
pressure under which- much of the work was done. 

39see EMF [l9]. The Energy Modeling Forum, directed by Professor Hogan 
at Stanford, is administered by the Institute for Energy Studies, Stanford 
University, and sponsored by the Electric Power Research Institute. The Forum 
is composed of individuals from industry, business, government and 
universities who share common interests in energy modeling. 
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Included in this analysis were the WEFA. H-J. BESOM-H-J-DRI . PILOT. Kennedy- 

Neimeyer and Hnyilicza models. The comparison was based mainly on operational 

characteristics of the models, i.e. by comparing actual model outputs from 

runs made under a common set of assumptions. Such an undertaking is quite 

formidable and the EMF is to be commended for accomplishing such a task. The 

main results of the comparison are worth quoting in full: 

"In the presence of constant energy prices, increases in 

economic activity produce similar increases in energy demands, 

although these may be moderated by trends toward less enerqy 
intensive products and services. ^ 

Inl ^"^^^ 2ri"? o'^ educed energy utilization need 

JnLfI°^"Su P'^°PO''tional reductions in aggregate economic 
; ^^^^^ a potential for substituting capital and 
labor for energy and the contribution of energy to the eco- 
notny. relative to these factors, is small. 

The models do show some significant reductions in economic 
output resulting from higher energy prices. The magnitudes 
of these inductions are very sensitive to the substitution 
assumptions implicit in the models. Further, the impacts may 
be large for individual sectors of the econotny. 

The benefits of energy substitution may be lost in part if 
energy scarcity impedes capital formation. Reduced eneroy 
inputs may cause lower levels of investment and. conseqii^tly, 
reduce potential GNP. This indirect impact may be the most 
important effect of energy scarcity." 40 

The following shortcomings were also observed: 

"All the models examined focus on the long run potential of 
the .economy.. Abrupt changes in -energy availability or other 
policies with short term implications may affect the reali- 
zation of this potential GNP. but are not within the scope 
of the models studied here. ^ 

The models require assumptions about future population or 

?r?^*^ ^"^ of technological change, 

which other things equal, determine the growth path of the 
GNP. The analysis here is directed at the changes in growth 
due to changes in the relative scarcity of energy, not to 
absolute levels of future economic activity. 



40. 



W [-191, p. iii. 
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The representation of nonmarket behavior is difficult; to 
Include in the models, 'ilie effects of regulation, industrial 
organization, or the expectations created by government's^ 
future role are not well understood. 

The models treat environmental considerations in a rudimen- 
tary way. They do not address the causes and effects of 
persistent unemployment nor the impacts of unexpected em- 
bargoes. Financial sectors are highly stylized or absent in 
many of the models. Such .important issues require different 
analytical approaches or major model extensions." 41 

In addition to the above comments, various empirical measures were extracted 
from the models' performance characteristics. All of the models showed 
approximately the same relation between output expansion and changes in 
energy demand, at constant energy prices.^2 T|,g results indicate approxi- 
mately a 6.7 percent increase in energy use for each 10 percent increase in 
real GNP. However, important differences do exist with respect to the 
elasticity of substitution (<J) between energy and other inputs. Also, for 
some models a varies over time, becoming greater in the long run. The short 
and long-run values for cf are given in Table 2. The figures In Table 2 



Table 2 

Short and Long-Run Values of the Elasticity 
of Substitution for Various Energy Models 



Model Short-Run Long-Run 

PILOT .03 .03 

Kennec(y-Neimeyer .06 06 

WEFA .10 .'20 

Hudson-Jorgenson .30 54 

Hnyilicza .37 .*38 

BESOM-H-J-DRI , .28 53 



41 

EMF [19], p. iv. 

42_ 

Energy use for the same GNP level was somewhat higher (20%) ±rc 
PILOT and Kennedy-Neimeyer. 
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verify the earlier observati;ons regarding price-induced changes in the I-O 
coefficients in K-J. WEFA» and BESOM-H-J-DRI» as well as the price-induced 
demand effects in these modelSc These figures also reveal the fixed price, 
fixed ItO coefficient nature of PILOT. The almost doubling of the elasti- 
city in the long run (here about 25 years), in H-J, WEFA, and BESOM, reveals 
that habit and adjustnsnt play a role in these models. The change in the 
WEFA model is due to the lags discussed earlier. In the H-J model it is 
probably due to the transTog price frontier which allows a to be a variable 
depending on the price level, in either case, the realism of the model is 
enhancedw 

All of the models considered in detail here are capable of studying 
problems of labor demand and manpower projections and analysis* However, 
most models, with the exception of BLS, would have to be modified with a 
manpower requirements estimator, as is used in the BLS model. AIT of these 
models estimate employment by industry and, with the exception of H-J, all 
have considerable industry detail. In application, these models assume full 
employment. As indicated aovve, this is a virtual requirement of long-run 
growth models. Hence, analysis of labor demand should center around average 
hours worked, real wage rates, and the occupational and interindustry shifts 
which occur as a result of energy policies and prices. None of' the models in 
this category deals with regional effects/3 Demographic and regional shifts 
will play an important role in the future, and their importance must not be 
minimized, jiowever, if these models attempted to deal with regional effects, 
they would most likely be unmanageable. The models considered in the next 
section include regional effects. 

^^h'e WEFA model does contain an eight^fegion electric utility sub- 
model based on Griffin's pseudo-data model., See Griffin [l38]. 
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3.2. Energy Sector Models. Models included in this category are those 
which encompass all of the energy industries but which do not portray the non- 
energy industries. Included in this group are the BESOM (BNL) model, the 
DFI-SRI-Gulf model, the FEA-PIES model, the Bechtel ESPM, and the :LBL 
(Lawrence Berkeley Laboratory) model. The energy sector models have two dis- 
tinct advantages over the models discussed in the previous section. First, 
they are regional in orientation, which is a crucial aspect of many energy 
research issues. Second, the models portray the individual energy industries 
in much greater detail. Within this group the BESOM model, the LBL model, 
and the supply side of the PIES model are linear programming models. The 
demand side of PIES, which ii econometrically estimated, and the DFI-SRI-Gulf 
model are simultaneous supply and demand models. The parameters for the 
relations in the DFI-SRI-Gulf model are obtained from technical experts in 
energy industries. The Bechtel ESPM is an accounting-type model which, given 
final energy demands by region, determines requirements for 75 categories of 
capital, manpower, materials and equipment. The model does determine in con- 
sider?ble detail the manpower requirements needed to construct energy 
extraction and conversion facilities. The LBL ruodel also contains relations 
for detailed manpower requirements (adapted from the BLS model). The other 
models could be modified to- do -so. 

The practical difficulties In modifying most of these models to incor- 
porate estimates of manpower requirements revolve around data problems 
associated with obtaining independent information regarding productivity and 
labor costs on a region-specific and activity-specific basis. Typically, for 
a given plant or facility (technology), such models assume costs to be homo- 
geneous nationwide, which ignores differing wage rate and productivity 
behavior by region and by plant. In addition, to properly estimate future 

49 
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wage rates and thus labor demands, regional labor supply would have to be 
estimated. If this is not done, labor requirements estimated by multiplying 
average labor-output requirements by outputs generated by the models will 
exclude important elements of economic- behavior. Ignoring regional impacts 
of wage rates onlabor demand would be plausible only if wages were set equal 
by a nationwide collective bargaining agreement, or if the eUstictty of 
demand for labor were insignificant. However, in the energy sector, particu- 
larly in activities such as the drilling of oil and gas wells, or in the 
construction of facilities, wage rates are known to differ significantly by 
region and even within region. Hence, to properly augment these regional 
energy sector models, regional labor market models would have to be developed, 
a formidable task given data limitations, but one that merits further research. 

As noted above, the energy sector is capital-intensive. This, in fact, 
is the central point to the energy sector employment analysis. Human energy 
(labor) and animal energy have, in industrialized societies, been replaced by 
fossil fiiel and nuclear energy'. This Is particularly true in electricity 
generation and crude oil refining, and to a lesser extent in coal mining and 
oil and gas drilling and transmission. Hence, the main direct demand for 
labor at this level will arise from construction and equipment requirements 
for new retineries,..new .electric..generation -plants, -neW"Oi-l and gas wells, 
etc. Thus, the long-run equilibrium demand for labor in energy-related in- 
dustries is likely to be quite small. The main long-run problem relates to 
the effect on the demand for labor (and the skill mix required) in non-energy- 
prpducing industries, i.e. to what extent will labor be substitutable for 
energy as energy prices rise relative to labor. 

Within the energy-producing sector, ths- question of government regula- 
tion and energy legislation becomes relevant. Environmental restrictions, 
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conservation policies, price controls, fear of even greater price controls, 
government inertia with regard to leasing public land for exploration, and 
the rnyriad of other governmental regulations surrounding the coal, electri- 
city and natural gas industries are the main inhibiting factors retarding 
construction in these industries. Process-type models such as those reviewed 
in this section are reasonably well suited to modeling restrictions of the 
type referred to above. However, in order to incorporate new construction 
activity and the subsequent labor demands, most models require some reworking 
and augmentation. 

The principal energy-sector models are all of the optimization or 
process variety. It is argued that this is an advantage in evaluating the 
impact of energy price or supply changes which lie outside the range of 
historical experience as would be captured by an econometric model. Optimi- 
zation or process models always "solve", so-to-speak. no matter what values 
are inserted for the parameters (such as demand elasticities), and in this 
sense are a flexible tool for simulation purposes. However, this same flexi- 
bility carries with it some important drawbacks. First, such models are 
typically not oriented so that economists can readily understand and evaluate 
them. For example, basic measures such as elasticities of demand and supply 
are. implicitly buried in the engineering structure -and- must be-extracted* 
through simulations— an exercise which, in most cases, has not been carried 
out. Second, models such as these are based on engineering data which related 
to processes. It is difficult to link this type of data to national economic 
data, particularly for employment purposes. Third, the models, once the con- 
straints are specified, concentrate on minimizing the cost of specified energy 
demands. Ignoring lags, inertia, and interactions with other economic condi- 
tions, and being non-stochastic, such models present no Information on the 
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statistical precision with which the estimates are known. Furthermore, the 
results are quite sensitive to price assumptions. Quite large shifts from 
one technology to another are observed as- a result of small cost changes.^^ 
Most importantly, the results are quite sensitive to the estimates of the 
supply curves. These estimates are, however, quite arbitrary. Hence, the 
models display an imbalance— minute optimization on the one hand, arbitrary 
parameters on the other. In addition, although solution of these models 
conceptually represents optimal, long-run equilibrium resource choice where 
relative prices and relative marginal products are- equated, in practical 
operation, errors made in estimating various technical or cost variables may 
negate the value of being able to "optimize" in terms of model solution. A 
useful test fov such models would be to assess how well they determine a 
historical data point, or how well they can "backcast."^^ As it stands, we 
do not have any real information on the sensitivity of various components of 
such models to error, or the sensitivity of particular solutions to changes 
in particular variables or parameters. 

Among the models reviewed, the. Bechtel ESPM and DFI-SRI-Gulf models 
are most amenable to being modified for estimation of manpower requirements. 
In fact, the Bechtel model already generates detailed manpower requirements, 
but the- model is weak from a- behavioral point of viewi it appears that some- 
of the data in the Bechtel model could be utilized in the DPI- SRI- Gulf model 
(as there is already some data commonality between these models), and perhaps 
unit manpower requirements can be derived for remaining activities in this 

^^See Lave in Hitch [22], p. 298. 
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A useful exercise for these models would be to test their prediction 
accuracy, either ex -ante or ex post . E:q)erience with what appears to be 
perfectly plausible optimization models in agricultural economics has led to 
wholly unacceptable predictions. 
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model not included in the ESPM. However, as noted above, if technical and 
cost information is limited to national averages, without modification for 
regional differences, the regional aspect of the output will not be of great 
accuracy. In addition, augmenting the models with simple labor-output 
relationships will not be a substitute for a more complete labor market model 
which would assure consistency between the labor demands and the costs which 
enter into the technology choices presently derived by these models. 

3.3. Energy Subs ector Models . Models reviewed under this heading are 
those which pertain to a particular energy industry. Coverage includes the 
coal industry, natural gas, electricity demand, gasoline and automobile 
demand, world energy models, single-equation studies and, for the sake of 
completeness, conventional macroeconometric models. Much of what was said in 
the preceding section applies here also with perhaps the only drawback being 
that most of these models do nov capture interindustry substitution effects 
between competing fuels. As before, the long-run equilibrium labor demand for 
these industries is small relative to the potential employment demand associa- 
ted w'-h building new facilities. Conments pertaining to modification of 
energy sector models to allow for determination of labor requirements apply 
equally to the subsector models. The regional detail of the larger coal, 
natural gas and electricity demand models imposes the same need to further 
develop and complete a regional data base including wage rates, productivity 
estimates, and information on manpower availability. Particularly for the 
coal industry, deriving reliable point estimates of average productivity over 
longer time horizons will be a challenging task confronting the manpower 
analyst. Among the difficulties encountered in estimating future producti- 
vity trends in the coal industry will be the effects of technological changes, 
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shifts from deep mining to strip mining, and the effect of government-mandated 
health and safety rules and worianen's compensation and haalttr insurance prp- 
grams. To a lesser extent, parallel problems in measuring future productivity 
will be encountered in electricity production as a result of regional output 
shifts, technological shifts (to nuclear generation or to more coal-firc:i, 
steam-geners, ting. pi ants), and health and safety regulations. The present,very 
imprec-t.sfe analysis of facility, regional and national trends in productivity 
in these sectors will- necessarily make any estimates of nianpower requirements 
based on output and average productivity estimates very tentative. Detailed 
skill requirements will be even more subject to doubt,, particularly for points 
further out in time. Consequently, for existing models to be adapted in a 
meaningful way to produce manpower projections in the energy sector arid sub- 
sectors, for longer-term analyses, considerable work will be required to 
develop reliable- information about likely productivity trends. 

Despite reservations such as those noted abov"e, some initial attempts 
at modifying these models would appear feasible. For exanple,, if the 
regional data base for the Bechtel coal model could be expanded to include 
manpower data such as contained in their ESPM model, then some of the impl-l\s-. 
tions of national energy and environmental policies could' be assessed in term', 
of employment requirements. Thus far,, there has. not .been..a. great deal- of 
interest in evaluating the employment and manpower effects of policies which 
would affect regional coal production (or aggregate coal output), as the 
concern has focused on the implications of emissions standards on regional 
output, transportation and capital requirements. Similarly, the MacAvoy- 
Pindyck natural gas model, which is regional, could be modified to generate 
employment demands associated with new drilling and investment activities 
corresponding to various market prices fop natural g?5. The same sort of 
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reworking of the_Baughnian-Joskow electricity demand model isjpossible. Given 
government policies with respect to price setting, environmental standards, 
etc., employment effe'cts' accompanying adjustments on the supply side of the 
industry could be derived from the model, if the requisite regional data base 
can be developed. Other electricity demand models, having less specification 
of the supply side of the i ndusjbry.,. are less amenable to use for manpower 
analyses. In this category are models like the Oak Ridge National Laboratory. 
For models of this type to be utilized, they would have to be tied to a more 
comprehensive model or set of models (such as BESOM or PIES), and this sort 
of effort is in fact presently underway, though not with an emphasis on de- 
riving manpower estimates. 

Demand models for gasoline, like most of those for electricity demand, 
are ill -equipped for use in the study of employment. However, the demand for 
autos, which is dependent on gasoline prices, does have substantial employment 
effects. The question of the effect on durable goods of higher energy prices 
has received little attention thus far despite its relevance for the employ- 
ment question. The macro models, to the extent that there is sufficient 
detail can, of course, provide some answers to this question. However, more 
detailed analysis is needed. The macro models have been more usefully adapted 
to analyzing short-run impacts of demand reductions, such as accompanied the 
oil embargo and its aftermath. Most of these types of simula-tions have been 
performed and the results are reasonably well known. World' economic models, 
such as Project LINK, could conceivably be used to examine the-employment- 
related questions of a continued balance-of-payments problem by the U.S. The 
problem of a steadily falling dollar due to oil imports is imnense and has so 
many facets that it is perhaps too much to ask one model to analyze. This is 
particularly true in view of the fact that there is virtually no historical 
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experience to indicate which industries will be affected and what various 
ramifications might be expected. Nonetheless, the LINK, or similar multi- 
country models, are prime candidates for use, as well as domestic macro 
models, especially for estimation of the inmediate impacts. 

The one remaining area which has been touched on above is that of 
regional or locational analysis. As discussed above, the energy problem will 
prompt relocation of industries, workers and consumers-each for reasons of 
their own. The move to the Sun Belt, by both industry and individuals, will 
no doubt be accelerated by the higher energy prices, as well as the. changing 
demographics of the U.S. population. The energy sector and energy subsector 
models are regional and can be used to analyze this phenoirenon for those 
industries. However, for the macro economy,, reglona.l-disaggregation makes 
for models of unwieldy size.^6 jj^g p^jt important gap in this area is 
analysis for non-energy industries of regional location and migration, for it 
is from these non-energy industries that the greatest impacts will be felt. 
Some work has already begun in this area by Sandoval and Schnapp [150], 
Sandoval and McHugh [149], Huntington and Smith [147], and Solnick [151].. 
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For an attempt at this combination, see Donnelly et al [l43] and 
Donnelly and Hopkins [144]. 
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Chapter 4 
EMPLOY,t!ENT-ENERGY RESEARCH ISSUES 

As discussed in Chapter 1. the initial modeling efforts were aimed at 
assessing the possibilities for energy conservation and/or new technologies, 
and were particularly aimed at analyzing the interaction between the energy 
sector and the general econon\y. The question of most importance was the 
effect of higher energy prices on economic growth. With the passage of time 
and the benefit of reflection, it is becoming increasingly clear that higher 
energy prices and the policies adopted have substantial consequences for 
employment and job creation. However, these consequences have not been fully 
explored, with the result that U.S. energy policy is still a void with respect 
to the employment issue. This chapter hopes to illuminate what these issues 
are and how the models surveyed above might or might not assist in their 
evaluatipn. The employment-energy issues may be divided into five broad cate- 
gories:^ (1) substitution, (2) balance-of-pa^yments, (3) exploration and Invest- 
ment, (4) relation between energy pricss, economic growth and employment, and 
(5) l.,e distribution of income. 

The substitution question has two main aspects— substitution by consu- 
mers and substitution by producers. As energy prices rise relative to other 
prices, consumers will buy less of the energy-using or energy-intensive 
products. In products or services where direct consumer purchases of energy 
are involved, such as for autos and utilities services, more iimiediate sorts 
of adjustments should be expected. For example; heating of homes with elec- 
tricity is presently a relatively expensive method due to the technical 
inefficiency of electric heating in this application. Depending on how 
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various fuel prices change, consumers may respond by switching to gas or solar 
heat, insulating, wearing warmer clothes indoors, turning down thermostats, or 
even moving to more moderate climates, or some combination of the above. This 
substitution process may take some time, as habit., technological and financial 
constraints must be overcome. The degree of response to .price which can be 
expected will depend in large ireasure on the permanence of changes in relative 
prices of various consumption goods and services. In the longer run. the 
kinds of adjustments will reflect direct and indirect effects of energy prices 
and-energy policies. For example, higher prices of primary energy inputs used 
by electric utilities to generate power can be expected to be passed through 
to consumers of electricity. If regulatory policies also change the pricing 
of electricity according to marginal cost of service, such institutional 
changes will produce further price effects. Similarly, until natural gas 
pricing methods become fully visible to consumers, choices among alternative 
sorts of household appliances and' their utilization rates remains problematic. 
For consumer products where consumption of the basic item, such as the auto- 
mobile, requires joint purchase of other commodities or services (gasoline. 
Insurance, etc.). final adjustment to direct and indirect energy-related price 
effects can be expected to involve a complex set of interactions. If the 
magnitude of the direct and indirect price effects is significant over the 
longer run, substantial employment effects can be expected as a result of 
increased demand for less energy-intensive (and hence more labor- or capital- 
intensive) goods and services. While it is triie^^ that less will be purchased 
of the relatively more expensive good, it is not clear that more will be 
purchased of other competing goods. This, in the jargon of the demand analyst. 
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depends on whether the income effect outweighs the substitution effect. How- 
ever, on balance, one might expect that these substitution effects away from 
Energy-intensive products and services would tend to expand employment. 

In the production sector of the economy, similar substitution processes 
prevail, but with probably even more variety than In, the consumer sector, as 
habit Is perhaps less binding and the variety of sectoral differences in sub- 
stitution possibilities may be greater. Althoug^i. ability to adjust capital 
stocks or organizat^lonal methods Imposes similar constraints in the short run. 
Thus, In the energy sector, changes in basic input prices will alter fuel- 
choices for producing, say. electricity, In the longer run. technological 
substitutions, new methods for pricing energy products, etc.. will be derived 
and applied. In other parts of the production sector, where varTo^s'goods'^ 
produced, forces for substitution will derive f»x)m both final ppoduct market 
responses (consumer demand adjustments, for example) and from changes In input 
prices,, Direct responses to higher energy input prices, are likely to result 
ii? only modest adjustments In the production's tructure due to the sho.rt-run 
fixity ov the capital stock. .Over the longer run. however, producers can be 
expected to revise the configuration of inputs and outputs In response to more 
permanent price signals. The exact manner In which this substitution process 
i% likely to occur Is difficult to predict. An Inportant aspect of adjust- 
ments by producers, for example, stems not from prices £er se, but rather from 
the certainty (or uncertainty) with which expectations about prices and other 
variables can be held. A good deal of this aspect of the path of substitu- 
tl^ns revolves around responses to actual or expected government policies. 
Fqr example, uncertainty over the availability of physical supply of energy 
inputs, such as natural gas, may induce producers to relocate in Sun Belt 
states If there are also other reasons to do so. The final interface between 
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supply and demand will result in a new configuration of final product demands 
and input requirements (capital, labor, energy, raw materials, and inter- 
mediate produqts). Resulting long- in adjustments will remain to be measured 
empirically, but. in general, it will be true that an increase in the price 
of an input (or a decrease in its availability) will result in increased use 
of substitute inputs /8 

A final sector to be included in any study of the effects of higher 
energy prices on employment is the government sector, which is a major 
consumer of energy, in the past, the rapid growth of state and local govern^ " 
^ment construction activity, as for building highw^s and schools, has produced 
extensive growth in demands for energy. At the- federal level, a defense 
establishment based on conventional means of warfare has been relatively 
energy-consuming, at least in terms of fossil fuels. In the future, military 
hardware relying on nuclear power, rocket fuels, etc.. to a greater extent 
than in the past will alter the mix and level of fuel requilraments. State and 
local- government acTivifies shifting away from highway and school construction 
and toward other forms of services moreitppropriate to an aging population 
will also imply significant substitutions.. 

While models will not be well-suited to the study of detailed substi- 
tutions„which will no doubt take place as energy prices change relative to 
other prices, some of the basic, broad patterns of input and output substitu- 
tions which can be expected in the longer run can be studied using some of the 
general -economy energy-sector interaction models (such as the Hudson-Jorgenson 
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energy and materials are substitutes or conplements. For recent e oirical 
work on this subject, see Bemdt and Wood [l34], and Hogan and Manne [lAO], 
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model). From such analyses, broad trends in sector shifts in employment and 
manpower demands can be studied. 

^ The second major area of research interest is with respect to the 
effects of ^energy prices and imports on the U.S. balance-of-payments. and the 
resulting feedback effects on domestic output, income, employment and price 
level. Presently, this country is running a substantial trade deficit, in 
considerable part related directly to energy imports, and also because export 
demands are being moderated by the= sl>w growth of other economies. The growth 
of the world economy is itself \yery much a function of world oil price effects 
on- price levels, output levels and balance-of-payments def^cits. Domestic 
energy policies (price controls, entitlements programs, etc.) have not induced 
expansion of domestic supplies or restrained consumption, but have contributed 
to the rise in energy imports to cover domestic demands. Failure to reconcile 
domestic energy pricing policies with realities of the world energy market has 
contributed to the devaluation of the dollar against stronger currencies of 
sotije Western European countries and Japan. To the extent that a large trade 
deflcit-cum-devaluation continues or recurs, further cost pressures are 
imposed on the U.S. econony, particularly if world oil producers are able to 
implement increases in the dollar-dominated world oil price, as the dollar 
de\^alues against other major currencit Resultant higher domestic inflation 
rates and interest rates coming from this source engenders "fiscal .drag" on 
the econony through the tax system, and dampens investment (particularly 
interest rate-sensitive construction sector activity), and otherwise hiakes 
management of domestic monetary policy difficult. Offsetting output and 
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The above discussion intentionally abstracted from the employment 
and manpower aspects of the new investment undertaken as a result of these 
changed patterns of supply. This subject is dealt with below. 
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employment reductions from interest rate-inflation rate effects of devalua- 
tions and rising dollar oil prices are theoretically positive effects on 
demands' for domestic outputs for sectors that face import competition— steel , 
autos, textiles, shoes, tourism, etc. Net employment effects from adjustments 
in such industries will depend on whether net export price elasticities of 
demand are greater or less than domestic and foreign income elasticities of 
demand for the products and services in question. Given the way in which 
higher import prices affect costs, and the way in which domestic industries 
adjust prices in response to reduced import competition, the basic question 
to be asked here is whether or not the job preservation and creation aspects 
of a falling exchange rate will offset the real income decline which will 
accompany it. 

For the longer run, terms -of-trade developments between the U.S. and 
oil -exporting countries will raise questions about the size and nature of real 
resource transfers. Retro dollars not used for purchases of U.S. exports will 
take the form of real and financial investments. Investments in the U.S. will 
earn interests-earnings which if converted to stronger currencies will put — ^ 
sustained pressure on the dollar. Given uncertainties about future trade and 
payments positions cf other major industrial countries, determination of the 
inpact of petro-dollar investment flows, on income growth and stabilization in 
industrial economies has become a complex issue. Studies are underway at the 
Federal Reserve ^oard, employing trade and financial flows models, to deter- 
mine some possible outcomes of changing petro-dollar flows on industrial 
economies, but many questions here remain unanswered, 

A third set of issues Involves investment responses in the econon^y 
(both energy and non-energy sectors) which can be expected to accompany sub- 
stitutions away from energy-intensive consumption and production. In the - 
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eiiergy sector, the production of new energy sources such as nuclear, geo- 
tHerifial and solar power, etc.. will entail new construction and new equipment. 
Continued exploration for conventional fuel sources such as oil and gas. as 
well as their extraction, will require skilled manpower resources in unprece- 
dented numbers. Coal mining. >while highly capital-intensive, requires 
equipment, the production of which does require considerable manpower. It is 
p^rhcps in this area that the potential for manpower analysis is the greatest. 
Models such 'as the Bechtel ESPM can be modified (work is currently underway) 
to incorporate detailed labor requirements categories for energy plant con^ 
struction activities. Various energy scenarios could be outlined as a 
function of different assumptions concerning energy policy and developments, 
and evaluated with either general -economy energy-sector interactions models 
or from energy sector models. 

Research in this area could perhaps be conveniently divided into three 
arjeas. First would be the manpower requirements from increased exploration 
and development of new and existing energy supplies. Second would be the 
construction of new electricity generation plants and gas or oil transmission 
pipelines, i.e. conversion and transmission facilities. Third would be the 
new plant and equipment in the non-energy sector which would be constructed 
^1*ll^P°"^® *° "^w capital needs determined by substitution effects. An 
important aspect of this research would be to assess the effects of govern- 
nental regulation, especially on new exploration and construction of power 
plants' (particularly nuclear). Environmental restrictions, land-use planning 
and zoning. Interior Department policy regarding private exploration on public 
lands, etc.. all figure prominently in decisions to build new plants' or other- 



83 



vrise comuit capital. 50 /\iso figuring prominently, particularly for non- 
energy Industries, is the question of relocating to areas where energy (and 
other) costs are lower. Analysis of locational responses also applies to hew 
home construction, as homeowners relocate to more energy-efficient areas. 

The final area of possible research is the effect of energy prlc«»s on 
economic growth. Some initial work by Jorgehson [26] and EMF [19] has already 
been accomplished in this area. However, further research is warranted, 
particularly concerning the relationshi^p between growth and employment. * 

Studies tend to indicate that the general econon\y and the energy sector can 

be "decoupled" to-the extent the growth Is not substantially slowed. Further- 
more, the relation between growth, employment, inflation, the distribution of 
■income, and b'alance-of-payments should be examined in a systematic interrela- 
ted manner. 

An issue in the area of applied empirical and econometric research 
connected with the growth, employment and substitution questions will be that 
of developing more-detailed and more reliable labor demand functions, or 
productivity estimates. In this review, it was found that productivity 
estimates (from which most employment estimates are derived) associated with 
input-output models, or models such as the Bechtel ESHM, are very weak esti- 
mates and not based upon adequate data or econometric methods. Consequently, 
for the state-of-the-art to advance in. developing employment estimates from 
detailed. energy-econon\y or energy sector models, considerable further work 
will hava to be devoted to developing labor demand and productivity concepts 
and measuremant. 

^%\ie to environmental restrictions, no new electric generating plants 
have been constructed in California during the past eight years. Total elapsed 
time from lease acquisition to geothennal power generation in California is six 
to nine years. (See Santa Rosa Press Democrat , Dec. 27, 1977). 
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Appendix A 
DETAILED REVIEW OF THE MODELS 

Qeneral-Econotny Energy-Se ctor Interactions Models. The models 
surveyed In this section are those which portreo' both the general econony and 
the energy sectors. Furthermore, the energy and non-enargy sectors ar« linked 
together so that feedback effects, both ways, are captured. These models are 
the most general of all the energy modeling efforts, are typically quite 
large, and utilize econometn'c or interindustry approaches (often both) as 
opposed to optimization techniques. The models reviewed under this heading 
include; (1) the Hudson- Jorgenson model developed' by Dr. Edward, Hudson and 
Prrofessor Dale Jorgenson for Data Resources Inc. (DRI) under a contract with 
the Ford Foundation Energy Policy Project r(-2) the-Wharton Economic Forecast- 
ing Associates (WEFA) energy model, which, is an enlargement of the WEFA annual 
model and was sponsored; by the Eloctric Power Research Institute; (3) the BLS 
growth model which has been adapted to stuqy energy problems; (4) the energy 
•technology assessment (ETA)-MACRO model developed by Alan= Manne at Stanford; 
(5) the INFORUM model developed by Clopper Almon at the University of Maryland 
which, like the BLS model, h&s been adapted to stu((y energy problems; and (6) 
otrfier general-econony energy-sector Interactions models. 

• • The Hudson-uorgenson Model. This model , whi ch has been used 
extensively to analyze energy policy issues, has as its core a nine-sector 
interindustry transactions submodel. This submodel contains the following: 

«I ri«!^^ was first described In Chapter 5 of Houthaklcer and Jorgen- 

^ E^lk [27]!' " iPcl^ded JorgenscA and Hudson [26] and Jorgenson 
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Figure A-1. Hudson-Jorgenson Interindustry Econometric Model: 
Diagrammatic Representation 
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General econoniy sectors 
1. Agriculture, nonfuel mirilrig, and construction ~~ - 

5. Coal mining 

6. Crude petroleum and natural gas 
/. Petroleum refining ' 

8. Electric utilities 

9, Gas utilities 

These nine intemedlat^-secfe -are Integrated with four final dmand sectors 
(consu»,ption. tnvestrKnt. government, and exports), and three primry input 
sectors (capital, labor, and imports) to fora the c«,,lete ™del. The Hudson- 
Jorgenson model seeks to remedy two mjor faults of previous n»dels. F1r.t. 
canventtonal ™acro models are demand-oriented and other than the use of "price 
equations" have little to say regarding supply; especially In the long run 
When capacity generation becomes more critical. Second, the other main type 
of model In use. the Input-output model, while having the capability to 
address the capacity question, relies on unrealistic technological assrt,p. 
tlons. I.e. fixed coefficients. 

The H-J model Is composed of two main submodels-the Interindustry 
"Odel mentioned above, and a macroeconomic growth model which drives the 
industry model. The macro model consists of five behavioral relations which 
dete™tne leisure demand, consu^tlon d«and. labor de^nd. 1nvest«nt supply, 
and the production possibility frontier which shows, for given levels of labor 
aid capital input In the private sector, the trade-oW between the production 
Of private cons.^ptlon goods and private ihvestnent goods. The mcto model 
determines employment, output, consumption. Investment, the wage rate, the 
Price Of capital services, capital stocky wealth, and leisure time. This Is 
accomplished through identities and behavioral relations which are based on 



neoclassical , conceptions, of. ern nf»ir .h»h,„4^.^ ..a. — 
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Fl£R|^C>-2. Hudson-Oorgenson Macro-Econometric Model: Dlagrainnatic Representation 
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variables are the prices ofjmports. net exports, labor force, population and 
government purchases of goods and services. The bridges between the macro 
growth model and the industry model are the vector of final demands and the 
prices for labor, capital and imports. Total consunption expenditures, total 
investment expenditures, government purchases of goods, and exports are 
allocated to each industry by a series of fixed budget proportions for each 
sector. The sun across these four categories gives total final demand for 
each of the nine interindustry categories. These final demands can then be 
used in conjunction with the input-output coefficients to compute industry 
output levels and associated prices. However, for the Hudson-Jorgenson model . 
the input-output coefficients are not fixed, but vary as functions of input 
prices through the ingenious use of a factor price frontier and its related 
theoretical properties. 

The factor price frontier in this model relates the price of output of 
each of the nine individual UO sectors (including the energy sectors) to the 
pi?ice of capital (K). labor (L). energy (E). and materials (M). Hence, the 
name KLEM price frontier. These factor prices (for K. L. E and M) are them- 
selves aggregate price indices. For example, the aggregate price index for 
energy is a function of the price of coal, price of crude petroleimi. price of 
refined petroleum, price of electricity, and price of natural gas (i.e. the 
output prices of each of the five energy sectors). The same is tvue for the 
•materials price index, which is composed of the output prices of the four non- 
energy sectors-agriculture, manufacturing, ^transportation and communications, 
and trade and services. These price frontier relations were first estimated 
tn. budget share form which imposed various restrictions on the parameters. 
Through various transformations rolating to the mathematical properties of 
these relations it is possible to derive the input-output coefficients to be 
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used in conjunction with the final demand leyels to determine total industry 
output, labor demand, capital services demand, and all interindustry trans- 
actions and prices. 

The model, as such, presents an elegant theoretical representation of 
an economy operating under the neoclassical paradigm with pure competition, 
profit and -utility maximization, rational future discounting, complete divis- 
ability of capital goods, frictionless adjustments, and regular (and smooth) 
consumer preferences and producer production functions. However, it is these 
very neoclassical assumptions which are also the weakness of the model, as 
has-been pointed out by Kuh [30], Dhrymes [17], and Sewell "[39]. Adjustments 
by producers to changes in fundamental parameters (such as energy prices) are 
often not smootii and are frequently characterized by a great deal of inertia. 
The model, by intention, does not attempt to portray these adjustments. The 
consumption side of the model, by ignoring habit, is also guilty of the same 
charge. Furthermore, the consumption sector of the model with its linear 
logarithmic utility function (and hence fixed budget shares) implies unitary 
own-price and income elasticities and zero cross-price elasticities. The same 
is true of the individual investment functions. The translog price possibility 
frontier can best be defended as a second or1er Teo'lor series approximation to 
any continuous price possibility frontier. Kuh [30] has expressed three re- 
servations about the translog function. First is the concern expressed above 
about the essentially static character of the implementation which ignores 
cyclical variation and inertia. Second, che particular version of the- trans-^ 
log employed by Hudson and Corgenson assumes constant returns to scale.. As 
Kuh points out, even small depa-^tures from this assumptibn can, over a long 
period of time such ss the model is useil for, have substantial impacts. 
However, over time (between years) input productivities do change. Although 
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strictly speaking, these changes are not returns to scale phenomena, they do 
have the effect of increasing output for a given level of input. Third, the 
translog was estimated with data from a time period 1947-71 In which there 
was little variation in cost-shares and input prices. This criticism could 
be leveled at almost any econometric model ever built, and although quite 
valid, is no more applicable to Hudson and Jorgenson than to any other model 
estimated from actual data. Dhrymes [17] has pointed out a nunber of 
problems, some of which are discussed above. One which is not is -the question 
of whether or not feedback exists from the interindustry model to the macro 
growth model. Dhrymes maintains that the feedback loops are "closed" only if 
the sun of the individual (real) consumption quantities equals total real con- 
sumption. The same must also hold for investment. Unfortunately, the docu- 
mentation of the model is not sufficiently precise to determine if these con- 
ditions are fu''filled.2 

The WEFA Annual Energy Mo^ This model is the Wharton Annual 
Model (WAM) with a, high degree of disaggregation In the energy sector.3 WAM 
can be divided into nine major blocks:- (1) final demand or 6NP components, 
(2) input-output or interindustry transactions, (3) labor requirements, (4) 
wage determination, (5) value-added price sector, (6) wholesale price, sector, 
(7). final demand pricb^, (8) other Income sector, (9) monetary sector. The 
model is based on annual data and (although described sequentially), is fully 
simultaneous and is. quite detailed. 

vla^ue^^:^^.f .I'l^T^^ doccnr^Lcation is, as we shall see, a problem which 
ylagues almost all the models reviewed. Herce, again, Hudson-Jorgenson should 
nf 5?«!^nf - r°"*'% ^ ^^^^ documentation, see also Lave in Hitch [22], 
pp. 278-301. In private correspondence with the authors, Edvjard Hudson has- 
indicated that the model is, in fact, -closed. 

} ^Detailed descriptions of WAM can ba found in WEFA [//S] and WEFA [46]. 
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The final demand or 6NP components sector is composed of 67 categories 
of which 14 are consumption, 33 are investment, 6 are government, 6 are 
imports and 8 are exports, The consumption sector consists, of demand rela- 
tions for personal consumption expenditures (in real terms) for autos, 
furniture, other durables, food, clothing, gasoline, other nondurables, 
housing, natural gas, electricity-, fuel oil, other household services, trans- 
portation services, and other services. The demand relations are typically 
of the relative-price real -income variety; frequently employing Almon lags. 
Additional explanatory variables include the ratio. of the money supply to 
personal disposable money income, the money supply, the difference between the 
bond rate and the commercial paper rate, auto stocks, and- housing s,tocks. The 
investment sector contains Behavioral investment plant and equipment relations 
and capital stock'plant and equipment accounting identities for farm, ore and 
non-metallic minerals mining, coal mining, crude petroleum and gas mining, 
iron and steel, aluminum, other primary non ferrous, electricaV machinery, non- 
electrical machinery, autos, nonauto transportation, cement, other stone clay 
and glass, fabricated metal products, lumber, furniture, instruments, food and 
beverages, textiles, paper products, chemical products, petroleum products, 
rubber products, apparel, leather, printing and publishing, transportation,, 
utilities, comnuni cations, and all other. The other investment relations are 
for residential fixed investment and the .change in business inventories. The 
main determinants of investment behavior are output prices, user costs of 
capital", industry output , and capital stock. The determinants are- ^typically 
estimated using an Almon lag with length as far back as seven years. Capital 
stock and user cost of capital identities exist for each of the plant and 
equipment investment categories. The demand block is closed with six export 
categories (food, crude materials, manufactures, coal, other fuels, and 
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services), eight export categories (food, crude materials, manufactures, crude 
oil. resJdual oil. natural gas. other fuels, and services), and six categories 
of exogenous government expenditures. 

' The interindustry transactions sector of WAM consists, of 63 SIC indus- 
tries.5 Both the I-O matrix and the final demand bridge matrix are allowed to 
yiry as functions of time and relative prices via an adaptive expectations 
mechanism. Given the 1-0 matrix and the final demand vector (converted to 
industry sectors via the bridge matrix), total industry output can be genera- 
ted for each sector. These industry outputs are then used, along with capital 
stocks, as inputs into inverted production functions to give labor demands. 
These labor demand relations are estimated for 28 industrial sectors aggrega- 
ted from 63 in the 1-0 table, and are the same as the 28 sectors for investment 
demand on the GNP side of the model. Similarly, manhour functions are also, 
estimated for each sector. These labor demands are "then summed over-all- 
industries to give total labor demand, which in conjunction with labor force 
equations yields the unemployment rate. Next, wage formation equations for 
each of the 28 sectors are specified. The specification follows the key sector 
approach. 6 Wage rates in the key sectors depend on prices (for cost-of-living 
adjustment), productivity and labor market conditions as represented by the 
unemployment rate. The wage rates in the remaining sectors then depend on 
wages in these key sectors, as well as price trends and the unemployment rate. 
Finally, in order to close the model, relations are needed for the three price 

rn.>. ^"^^ in mind that the final demand (GNP) categories do not 

(Sll lTt ^Tl '° '^'^^ classification. For exaiple. Lto outpu? 

chJ^l! ^* ^ ^""^"^ P'i^«^« business^in^estment pSr- 

S cL^Lwfr* f purchases- of goods, all of which are different 

t 

^These key sectors are autos. steel, textiles, petroleum and chemicals. 
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sectors: value-added' prices, final demand prices and wholesale or I-O prices.'' 
Prices for final demand (GNP components} are a bridge matrix weighted stm of 
the WPI 1-0 sector prices, the 1-0 prices are, in turn, a function of the 
value-added prices and the 1-0 prices from other industries. Using the 1-0 
coefficient information and the value-added information for each identity, 
the vactor of industry sector prices is solved simultaneously. Finally, the 
value-added prices are a function of industry unit labor and capital costs 
and rates of changa of output. The model is then closed with the standard 
national income identities and a monetary sector. 

The WEFA energy model also employs price-sensitive 1-0 and final demand 
bridge coefficients. The specification used relates flows from sector i to 
sector j to the difference between prices in sector i and j, >to a time 
variable and to lagged flows. The estimation is done jointly for all sectors 
by constrained least-squares. Unfortunately, the procedure and its results 
are not documented. Hence, it is impossible to examine the results to deter- 
mine, for example, the magnitude (or sign) o1- price effects on the 1-0 
coefficients. While the WEFA energy model remedies one of the main defects of 
the Hudson-Jorgenson model by introducing lags in the adjustment process, it 
creates additional ones by the rather ad hoc nature of the specification, 
especially in the production sector. The extremely long polynomial lags (up 
to six years) found on the determinants of consumption and investment in the 
demand sector are also somewhat suspect. 

Basically, the WEFA energy model is a .disaggregated Keynesian system 
with an 1-0 sector as the supply side along with the labor force generated by 
population. However, the treatment of capital within the model is not 

'Severe data problems exist, especially with respect to 1-0 prices. 
See WEFA .[46]. 
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completely satisfactory. Investment and, In some se^ctors-, prices are a 
function of the user cost of capital which ir turn depends on the price of 
capital equipment, tax rates, and depreciation rates. Capital stock enters 
only as a lagged value for depreciation in the investment and labor demand 
equations. Hence, the level of capital stock plays no direct role in deter- 
mining output since Tabor is related to output only through the demand income 
side. Furthermore, in the employment and manhours demand relations the sign 
on capital stock is positive in some relations, negative in others. If the 
relation is an "inverted" Cobb-Douglas then the sign on capital should always 
be negative. Also, the output variable entering the inverted function is 
value-added output. Hence, ihteniiediate sector effects are excluded from the 
labor demand equations. 

A.1.3. The.BLS Growth Model. Since 1966. the Office of Economic Growth 
of the Bureau of Labor Statistics has published long-term projections of out- 
put and employment by industry. These projections provide a framework for 
employment projections by occupational category, and also serve various needs 
of the Labor Department's training and job programs. Projections with the 
system are typically for 5 or 10 years into, the future, and are made as point 
estimates with cyclical adjustments being largely ignored.. 

In outline form, BLS long-term projections derive from the coupling of 
a'macroeconomic model with an input-output system. In practice, the model is 
best described as a set of well-defined procedures, operated in recursive 
fashion. A brief description of the projection procedures follows, succeeded 
by discussion of the methods and the capabilities of the model. 

The main steps in making a set of projections are the following: 

1. Supply 6NP is estimated in real terms. 
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2. Demand GNP is estimated together with incomes and prices. 

3. Demand and supply are balanced by adjustments of fiscal policy 
variables. *^ 

4. Aggregate demand components are distributed to detailed in- 
dustry sectors. 

5. Given trade margins, industry outputs are determined. 

6. Given assumptions about hours worked and:average productivity, 
a set of labor requirements is derived from Industry output 
estimates. 

7. Given capital/output relationships, a set of capital require- 
ments is derived from industry output estimates. 

8. Industry output, employment and capital- requirements are 
balanced within the input-output block, and employment esti- 
mates are made consistent with the macroeconomic estimates 
through an informal iterative process. 

In carrying out a projection exercise within this framework a large 
number of variables are explicitly or implicitly exogenous, leither by estima- 
tion or by procedure. Consequently, much of the formal consistency which is 
normally Imposed by a model solved simultaneously is attained only up to some 
approximation in thefeursive steps actually followed. As an economic tool, 
the crucial probab.leHwea'kness of the BLS model is that the solution adjustment 
methods may fall to correspond to the kind of adjustments which would actually 
occur through the price mechanism in equilibrating market solutions. Some 
further detailed description of key steps in the process aids in bringing out 
the "model" aspects of the procedures foil owed. ^ 

Supply GNP. Conceptually, supply GNP projections are derived within 
the framework of an aggregate production function. The following steps are 
incl uded: 

a. Labor force growth. From Census Population Survey data, participa- 
tion rate projections,, and projections of female group fertility rates, total 
labor force projections are derived. Present procedures do not, however, link 
these estimates formally with endogenously generated variables in the macro- 

8 

The most complete documentation of the BLS procedures is found in 
KutscKer [3l] and BLS [ll]. 
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economic model which affect, for example, labor force participation rates. 
An* estimate of Armed Forces is netted from the total labor force to produce 
an estimate of the civilian labor force, 

- b. Total employment. The aggregate target unemployment rate is an 
assumed variable. Together with the civilian labor force estimate, this gives 
an' estimate of total employment, on a household survey basis. This figure is 
then adjusted to cpnform with an establishment basis employment concept. 
Next, total employment is broken down between farm, private and government 
sectors, assuming shares for each, in order that individual productivity and 
weekly hours estimates can be applied to each component of total employment 
inl generating aggregate manhours input into the production function. 

Ci Private sector manhours. Productivity and average weekly hours 
estimates for the private nonfarm and farm sectors are used to generate total 
private manhours. 

d. Capital services. The capital input into the production function 
for real private GNP is derived from the capital stock and net real Invest- 
ment. Net investment is a function of private sector output and corporate 
cash flow, among other variables. The corporate profits tax rate is the only 
policy variable affecting cash flow. Depreciation rates, investment tax 
credits, etc., are .not formally treated in the model. 

e. Total supply GNP. Private sector capital and labor inputs deter- 
mine private sector real GNP within the production function. Added to this is. 
an estimate of real government sector oi',tput (the mix of estimated government 
employment times corresponding real wage ratesX, giving total real GNP. 
Although steps a-e are followed theoretically, BUS applications suggest that 
implicit productivity estimates from the production function are often sup- 
pressed in favor of an exogenously given rate of productivity growth. The 

i 
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latter is then multiplied by 'total manhours to produce private real GNP, In 
this approach, problems related to consistent estimation of income and supply 
GNP (and hence investment and capital stock determination) are short- 
circuited. An examination of steps a-e indicates that most of the supply 
projections are derived by ad hoc methods, rather than from specified 
behavioral relationships. This makes a large part of the macroeconomi c pro- 
jections judgmental in character. 

Income and Demand GNP. Income determination in .the model involves a 
relatively simple set of relationships specified primarily to determine 
personal and disposable incomes. A simple wage-price block is embodied in 
which private sector prices are related to urrit labor costs and the PCE de- 
flator. A function for compensation per manhour together with the produc- 
tivity -estimate determines unit labor cost, .and the PCE and private sector 
deflators are linked through a simple correlation. 9 Energy price -y^ariables 
do not enter the macro model price determination process as they do,, for 
example, in the current versions of the DRI macro model. 

Items; which comprise corporate cash flow are made common to both supply 
and demand GNP* Jetermination, and in operational terms appear to be essen.r 
tially exogenous income estimates. Most policy variables in the model appear 
in the income determination block as tax and transfer items, and include the 
following: 

1. Federal ti\x rate on gasoline 

2. Employer-employee combined tax rate for OASDHI 

3. Coverage ratio for OASDHI 

4. Taxable wage base for OASDHI 

5. Average employer contribution rate for unemployment insurance 

6. Federal tax rate on median family income 

7. Transfer payments 

^Barth [2]. 
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In terms of policy variables, the model is structured pretty much as a fiscal 
policy model. It contains no monetary sector, and only t^o exogenous interest 
rates enter as proxies for monetary sector activity. An exogenous estimate of 
publicly held debt is also included as a determinant of interest income. 

Consumer demands are largely determined by disposable income, while 
i^ivestment demand is estimated as a factor demand. Government demand and net 
exports are exogenously determined. Any gap between supply and demand GNP 
estimates at the aggregate level is eliminated through fiscal policy adjust- 
ments-either changes in expenditures, or changes in taxes, transfers, etc. 
It is important to note that, in economic terms, this sort of equilibration 
amounts to saying that product and factor prices will not be the primary de- 
terminant of the equilibration process. This process, relying on adjustment 
of fiscal policy variables, is more akin to a planning model. In addition, 
since there is no formal monetary sector, the cchsistency between adjustments 
of fiscal policy variables and interest rates is highly questionable. The 
main reason all the adjustpnts are made to income and demand is that initial 
values of labor force utilization (the employment rate) and capital services 
are exogenous, maMng the Phillips curve price determination model largely 
inoperative in altering product and factor demands in tenns of the price 
adjustment mechanism. 

Industrj^ Sector Output and Employment Detail. The input-output block: 
ofjthe BLS model' executed by developing a "bill of goods" for each 
aggregate demand cumponent determined by the macro model which, in turn, 
establishes a vector of final^demands by industry sector.^O Consumer demand 
iSf allocated over some 82 demand categories through use of a modified version 
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of the Houthakker-Taylor demand model. ^ A "bridge" between these demand 
cateyvries and producing industry sectors is then established. Estimated 
margins for transportation and distribution enable these final demands to be 
converted into estimates of final demands at the producer output level. The 
allocations of investment, inventories and Federal government expenditures 
■are made in a less formal manner than consumption, depending largely on 
historical trends in expenditure shares relative to private sector GNP growth. 
The allocation of state and local government expenditures by industry sector 
is somewhat more formal, as the macro model provides a breakdown between ex- 
penditures for education and n.on-education categories, and an allocation 
between employee compensation and purchases of goods. and services. In 
addition, a submodel currently under development will derive purchases and 
employment in terms of eight end-use categories. 12 Export demand is allocated 
according to past trends and other judgmental factors. For imports, a split 
is made between intermediate requirements and final demand purchases, and 
between competitive and non-competitive imports, i.e. if imports are a sub- 
stitute for similar domestic output, they are allocated to consuming industries 
in parallel fashion. It may be noted that the determination of intermediate 
imports, and the resulting coefficients matrix relating these imports to the 
level of output, has important implications for the model's portrayal of the 
econonv's supply behavior. This is particularly true since energy imports 
have begun to play a larger role as a potential constraint on the U.S. 
econoiny's supply potential. 

■'■■'"Houthakker and Taylor [l83]. 
12 

An extension of the BLS framework in the area of specifying the 
functional detail of government expenditures has been made by Bezdek [9]. The 
greater detail, however, requires increased use of a d hoc methods to derive 
appropriate, corresponding price measures. 
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' The vector of final demands multiplied by the I-O inverse produces 
estimates of industry output requirements. Similarly, matrices of industry 
employment-output ratios, and capital -output ratios together with the 1-0 
inverse permit estimates of employment and capital requirements to be made, 
by industry. Alternate employment estimates can also be made by converting 
industry output requirements using estimated average productivity and annual 
hours assumptions. 

Adding Up and Feedbacks. Docunentation of the BLS model indicates that 
a feedback and balancing procedure is employed to achieve consistency between 
ihicro and macro projections of employment, investment and imports.^-3 In 
practical application, however, most of the reconciliation appears to take 
place within the I~0 model i rather than between the macro and 1-0 blocks. For 
example, in balancing imports against the industry pattern of aggregate import 
demciid, both the distribution of imports by sector and the intermediate co- 
efficients are adjusted in ad hoc fashion. Moreover, it appears that aggre- 
gate imports in the macro model are derived from the detailed industry bill of 
import goods and services, rather than from a macro import demand function. 
Similarly, for iriv'estment, it appears that aggregate requirements are essen- 
tiV.% exogenously determined as a component of demand GNP, and that any 
factor demand concept theoretically embodied in estimating supply GNP is not 
rigorously tied to underlying implied industry level factor demands of assumed 

.pital-output ratios. Finally, the sum of indus^.ry employment requirements 
is made to accord with aggregate unemployment implied by assurned labor force 
and unemployment rate values used in estimating supply GNP. In practice, most 
adjustments are usually made in the assuned industry average productivity 



^^LS D-i], p. 34. 
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coefficients rather than in the aggregate unemplo^ent rate, which would imply 
price adjustments, therefor^e demand distribution adjustments, etc. In this, 
system, also, no consistent relationships is established between the assumed 
aggregate productivity (or that which is implied by the aggregate production 
function) growth rate, and the assumptions underlying the industry producti- 
vity growth rates. 

Evaluation of the Model . The methodology of the BLS projections places 
more emphasis on the detail than it does on modeling the behavior of the 
economy at any given level of detail. Within the framework of the projections 
methods, it has been shown that the largest source of error in industry 
employment projections stems from errors made in estimating industry 
employment-output relationships. In general, the contribution of errors 
made in the I-O block to -a total forecast error were greater than those attri- 
butable to errors in final demand forecasts. Moreover, as might be expected 
in a large system, many errors at the industry level offset each other, so 
while overa'l errors might appear acceptable, very large errors could be 
occurring at the sector&t level. It has also been found that the total BLS 
model does not produce significantly better estimates of industry output a;\d 
employment than do more naive, single-equation regression methods.^^ Much of 
thi.s result is attributed to the fact that so many key economic variables are 
either assumed exogenous, or projected as if they were, 'ixogenous— in effect, 
though the detail is great, the behavioral model as such is very simple, and 
very responsive to initial values chosen^for exogenous variables).. 

The most important deficiency in the BLS model is in the area of 

^''^Personick and Sylvester [37], p. 14. 
•'•Versonick and Sylvester [37], p., 23,- 
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consistent price determination processes between micro dnd macro behavior. 
The BLS model is primarily a model of relationships between real quantities- 
labor force, employment, real output, etc. Prices enter the model in the . 
income block, primarily because many policy variables affect income items, 
^ and are in nominal terms, and because the demand equations require an estimate, 
of real rather than nominal disposable income. Hence, the price mechanism, is 
a simple Phillips curve model designed to generate a PCE deflator for con- 
verting nominal disposable income into a constant dollar estimate. Although 
the modeled price determination process is highly aggregate and straightfor- 
ward, most, of the procedural adjustments made, to "balance" or solve the model 
imply price adjustments and technological adjustments. However, there is no 
way to determine what kind of price adjustment behavior is implied by the 
methods. Consequently, it is di-ficult to judge the economic reasonableness 
of the real -resource allocations implied for the gro'^h of output and employ- 
ment at the! industry level. 

At the present time, work is underway at BLS tc compensate for some of 
the deficiencies in the price determination process. In particulari efforts 
are being made~to adjust input-output coefficients for changes in relative 
prices. However, this is only one area of deficiency in the model's price 
determination process, For example, since energy prices have changed radi- 
cally, a nimber of relative price changes can be presumedl-to-have . taken place 
both in final product markets and in factor markets/ Consequently, price 
effects from energy would have altered the composition of final demand, the 
mix of outputs with an industry sector, and the mix of inputs. This would 
obsolete some of the price relationships implied in existing "bridge" tables, 
.presently based on 1970 demand patterns. Another source of change in relative 
price relationships which would be particularly affected by intraindustry 
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output-shifts is in the markup relationships assumed to hold for transporta- 
tion and distribution margins, these relationships, too, are likely to be 
substantially altered from 1963 or even 1970 values, as a result of changes 
in energy prices. 

In its most recent projection, BliS has made adjustments in basic 
assumptions about productivi.ty, unemployment 9.nd inflation. As they state 
it:" 

"Some of these alterations were made because of the changed 
^nergy outlook.. The new projections, unlike the 1973 set, do 
not assume the availability of relatively cheap, nearly un- 
;limited energy supplies. The effects of the changed energy 
outlook on labor productivity, capital requirements, and 
prices, as well as- the relationship O"^' these changes to economic 
growth, are complex issues. 

Although a great deal of effort was devoted to these questions, 
BLS has not developed a satisfactory method of dealing with 
them in the industry and employment projections." 

-In addition to finding . a method for adjusting I-O coefficients for relative 
price changes, the BLS macro model, could also be modified to Incorporate 
energy into the projections in a simple way, as has been attempted in other 
macro models. This could be done by introducing an energy variable into the 
aggregate production function, or the cost function "dual" of the production 
functicnr-i.e. in the price equation. If employment demand is then made 
endogeWouSi solution of the macro model would, then give some indication of 
feasible sets of price, output, employment, productivity and demand configu- 
rations compatible with a given set of energy price assumptions. A second, 
somewhat more ambitious, project would involve estimation of production 
functions for thekej^ industries which produce intermediate outputs In the 
economy. In this way, real wage rate changes in various inputs would cause 

••■^utscher [31], p. 6. ' 
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■factor demands to adjust in response to price variations .•'•^ 

a;1 .4. The ETA-MACRO Model , The ETA-MACRO model .is an extension of the 
energy technology assessment model (ETA) developed by Alan Manne.^^ A macro- 
economic model (MACRO) providing for substitution between capital, labor and 
energy inputs,, has now been: grafted onto a modified version of ETA. the over- 
all scheme is a dynamic, nonlinear optimization model designed to evaluate the 
feasibility of fuel substitution and technology choices for horizons up to 75 
years. ETA-MACRO is specifically designed to analyze interdependences between 
the energy sector and the economy as a whole. The implications of energy 
supply constraints on investment and GNP growth can be evaluated in view of 
various assunptions regarding, long-run substitution possibf -ities between 
energy and other inputs which define supply GNP. 

The MACRO Submodel . Whereas the earlier ETA model took GNP growth as 
exogenous, ETA-MACRO generates supply rNP endogenous ly from the production 
function. The production function is a "nested"' CES, with input pairings for 
capital and labor (K, L) and for electric and non-electric energy inputs 
(E, N). Thus, gross output is defined by the inputs, K,L,E,N, and the para- 
meters of the functional form. The conditions imposed on the functional form 
of the. production function are as follows:^^ 

a. there are constant returns to scale; 

b. there is unitary elasticity of substitution between one pair of 
inputs---capital and" labor— with the optimal value share of 
capital, <x , being given within this pair; 



■••^Such work is currently being undertaken by Dale Jorgenson for a 35- 
sector I-O model. 

18 

" ETA-MACRO is documented by Manna [33], pp. 1-45. An ea-.iier version 
of ETA is described by Manne [32]. 

l^See Manrie [33], p. 5. 
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c. there is unitary elasticity pf substitution between the other 
-pair of inputs— electric and noh-electric energy— with the optimal 
value share of eleccricity, ^ , defined within this pair; and 

ti. there is a constant elasticity of substitution between these two 
pairs of inputs-rtne^ constant denoted by a . 

Key :paranieters for the production function are given exogenously as follows: 

« = .333 = capital's value share 

^ = ;40 = electricity's value share 

f1 = .25 = elasticity of substitution between energy and non- 
energy inputs 

Other values are, of c6uV'°', possible, and lead ••r- quite different results. 
The above values are based on the author's judgment and',are not based on 
"econometric estimation. Labor force and productivity growth (at constant 
energy prices) are o^ven exogenously, and energy input values for E and N are 
"provided by the ETA submodel. Capital accumulation is provided by gross 
investment- less discards, where lags are introduced between gross investment 
activity /and changes in the useable capital stock. 

The model optimizes the pattern of consumption and investment over 
successive time periods. Consumption is defined as the difference between GNP 
and the investment and energy inputs. Using a logarithmic utility function, a 
discount factor is applied to the "utility" of consumption to reflect time 
preference,? with respect to present versus future consumption (thus higher or 
lower rates of saving and investment). Consistency between the utility dis- 
ccunt rate,, which is the key saving parameter, and the marginal productivity 
of capital defined by the production function Is achieved conceptually .ly a 
simple formula suggested by Ramsey. A 10 percent discount rate Is used. 20 

^*^See Manne [33], pp. 27-28, E3q)ei;iment8 with alternative values of 
the discount rate (8 and 12 percent) ouggest that many energy policy results 
may turn out to be invariant wif.h respect to aggregate sa^/ing rate behavior, 
or so at least the model would indicate. 
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The key exogenous factors driving the MACRO model are the saving- 
investment process (the utility discount rate)rthe growth of the labor force 
--(•andnts'productivity at constant energy prices), and' the elasticity of sub- 
stitution,, , between energy and non-energy inputs. The latter two factors 
dominate the behavior of MACRO. It should be noted that the overall model 
results are very sensitive ^o values chosen for tb*2 production- function para- 
meters. The author discusses the implications of alternative values of the 
ela'sticity of subiititution. -In general, higher elasticities, permit more 
flexibility in the substitution of .resources. Therefore, any given energy 
supply constraint creates a smaller impact on GNP growth. The author does not 
discuss the implications of alternative values for elasticities within nested 
pairs (e.g. between K and L, or between E and N). The unitary elasticities 
assmed may not be plausible, particularly for sectors such as manufacturing 
(sdiiie studies haV2 shown these substitution elasticities to be significantly 
less than one for the more capital-intensive industries). A second factor not 
discussed is the role of technical change in the long-run production function. 
It is not clear what, if any, consistency exists between the technology 
changes in the energy supply submodel and technical changes implicitly 
embedded in the aggregate production function, as specified. However, it 
seams reasonable to suppose that major technological shifts in the energy 
supply sector would have important implications for both technical change in 
the aggregate and the substitution el >.sticities gimong production factors, both, 
within and between "nests." 

The ETA Submodel. The ETA model is structured so as to interface two 
basic demand categories-"electr1c" and "non-electric" -with energy supplies. 
A total of sixteen technologies is specified for energy supply. Electric 
power is generated from coal, nuclear, hydroelectric and other advanced tech- 
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nologies such as solar power. Non-electric power is generated from oil and 
gas imports, domestic oil and gas, oil shale, synthetic fuels and electrolytic 
hydrogen conversioR. Basic .fuel supplies are specified, therefore, in the 
form of (,oal, oil and gas, uranium,,, shale, and other. Prices of primary 
energy are given, along with own andi ;ross-price elasticities of demand. The 
GNP path from* MACRO determines overall energy.. .demands. Constraints take the 
fo',>ni of energy conversion factors,, and capacity or expansion irates in the 
energy sector. The optimization process approximates perfectly competitive 
conditions, where prices are equated to marginal costs and fuels are used up 
to the point where price to marginal product ratios are equated across 
alternative fuels. Thus, given demand^ technology and fuel mix choices are 
made which minimize tha total cost of satisfying that demand. Given exogenous 
assumptions, the ETA model determi..as the time path for alternative supply 
modes— the expan- ion or decay which satisfies demand requirements. Substitu- 
"tifpns between electricity and non-electric energy fake place in response to 
shadow prices -determined through the optimization process. 

The lc\bor input is not specified in the ETA process model, but only, 
shows up in the macro production function. Labor costs are enibedded in 
exogenous esti.nates of current annual operating costs for technologies speci- 
fied in ETA. If these costs were decoii.vosed, factor demands for labor could 
be attached to the ETA's process sectors. However, as these are generally 
capital-intensive technologies, the derived labor requirements would probably 
.r not be large. Impliad in the MACRO sector produce-ion function is a labor 
demand relationship. Using the marginal productivity relation, this labor 
demand function could be derived.^-''- Given trends in average hours worked. 
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these results could be converted into employment estimates. Unemployment. or= 
deviations from full employment could be evaluated if labor force growth is 
specified. It niight be interesting to solve ETA-MACRO in this way, for 
alternative assumptions about supply constraints and long-run substitution 
possibilities„in order to determine what kinds of flexibilities the econon^y's 
structure needs tir portray in order to keep the labor force fully employed. 

The INFORUM Models. The work begun by Clopper Almon at the 
University of Maryland's Interindustry Economics Research Project has evolved 
over time into the current INFORUM model.-? Support for the model's develop- 
ment has come mainly from private sector sources, and the main use of the 
model has been in making industry forecasts. INFORUM is a 185TSector input- 
output model, designed to produce annual projections over a 10 to 15-year time 
horizon. In earlier versions., the model was primarily a "real" model, without 
a wage-price-income determination mechanism, and without a financial., sector. 
More recent versions include income and price level determination, bjt 
financial variables, mainly interest rate's, remain exogenous. Other nain 
exogenous variables are the labor force, exchange rates, world income or 
activity, and, Federal government expenditures. 

The model incorporates a considerable amount of detail in the break- 
down of government expenditures by functional category. Similarly, extensive 
detail is provided for the functional specification of construction industry 
investment (structures), and for capital equipment investment. Five func- 
tional categories are given for exogenous Federal government expenditures. 
Four detailed categories of state and local governirient expenditures are given. 
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See Almon, e£ al [l]. 
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specified endogenously by functions relating, expenditures to variables such as 
population, school-age population, and real disposable income per capita. 
Const.ruction investment is specif-i editor 28 -private and public investment 
ivctivities, v/ith endogenous relationships determining 22' of these. Energy- 
related construction activity is specified for (exogenous), oil and gas ■ 
exploration, electric and gas utilities, and pipelines. Equipment investment 
is modeled for 90 sectors (combination of the 185). Investment behav.ior is a 
function of output, the cost of capital, and lag adjustments. The "user 
cost" of capital includes tax and depreciation rate information as policy 
variables. 

A ph'ncipar reason for formally including investment functions in the 
model's structure 1s to provide- for a linkage betwaenMabor productivity 
growth3and the growth ov the capital stock per worker, i.i practice, howevfir, 
■a number of methods are relied upon to determine projected values of labor 
productivity, so the applied model is somewhat less rigorous than the 
theoretical construct. The producti,vity estimates, together with output 
projections determine employment for the 90 industry sectors in a fashion 
quite similar to that of the BLS long-term growth model, in solving the 
model... iterations are made back-and-forth between industry output-prq,ductivity- 
employment estimates and final demand, with most adjustments being made in 
consumption (i.e. the saving rate). 

Many of the technical adjustments in response to prices in the economy 
are introduced into INFORUM via ad hoc methods and judgment. Logistic curve 
fitting provides some guidance in the adjustment of input-output coefficients 
over time, as a proxy for price and technology effects. Similarly, in con- 
sumer demand patterns, cross-sectional information is used to check or replace 
time series estimates of Income elasticities, or elasticities are specified 
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exogenously according to other infomation. -As with a number of input-output 
models, a main deficiency of INFORUM in the current cont^^xt is that price 
effects fire not consistently modeled, as between intemediate .and" final demand 
blocks of the model and. in general, the price deternii nation process is 
inadequately specified. 

INFORUM has been tentatively applied to the study of selected energy- 
related problems. For example. Blankenship. et ai [155] used the model to 
study the embargo and the drawdown of strategic petroleum reserves. This was 
done by 'taking assumed price elasticities for consuner demand categories and 
converting energy price changes for crude oil into changes "in consumer 
demands. Changes in output and employment were then calculated from the im- 
plied changes in final demand by the model. This' eJ^'eWisTTuggertl^T^^^^^^^ 
INFORUM has not yet been successfully adapted, in fomal te>ms. to the study 
of energy sector changes upon the general economy. With a lot of judgment 
the model can. however, be used to calculate effects of near.tem quantitative 
shocks to '^he econotny in broad terms. 

Other General-Economy Ener gy-Sector Interactions Models . Other 
energy modeling efforts related to the general economy are those of Kennedy 
and Neimeyer [28]. Hnyilicza [25]. the PILOT model .23 and Data Resources Inc. 
(DRIX. The DRI model, somewhat like th^ WEFA energy model, is based on an 
extension of an existing econometric model of the U.S. economy. 2^ the DRI 
model treats residential, commercial, industrial and transport electricity 
demand regionally fo r 13 regions corresponding to the Petroleum Administration 

23 

See Dantzig and Parlkh [16] and Parikh [35]. 

mnA^f^.^t^^^ ^"^'^^ proprietary and ia undergoing extensive 

modification. Hence, documentation on the current version was not avail- 
able at the time of this writing. . 

Er|c 92 



87 

for Defense Regions and the Census Regions. Electric utility demand for coal, 
petroleuiii, natural gas, nuclear power and hydroelectric power is also treated 
regilcially along with residential , conr.ercial, industrial natural gas demand. 
The Hnyilicza model divides the econon\y's output intc two sectors: energy and 
non-energy. Output for each sector is then treateu as a function of labor, 
capital, energy, non-energy and imports. The PILOT model is an optimization 
(linear programming) model covering 18 industrial non-energy sectors and five 
energy sectors. The model seeks to answer questions concerning physical flows 
of energy and has as its objective the maximization of a price weighted sun of 
industry outputs. Prices do not "ary within the model. 

A.2. Energy Sector Models . This section surveys those models which 
deal with all of the various energy sectors (oil, gas, electricity, etc.) but 
do not treat their interactions with the general econoniy. For example, income 
and non-energy prices, to the extent they enter these models, are assumed to 
be unaffected by energy prices and quantities. Theije models have the advan- 
tage that they portray individual enerqy industries in greater detail than the ' 
general -econorny energy-sector interactions models. Models reviewed under this 
section intluda: (1) Decision Focus Inc. (DFI) -Stanford Research Institute 
(SRI)-Gulf Corporation Energy Model, (2) Bechtel Energy Supply Planning Model 
(ESPM), (3) Lawrence Berkeley Laboratory Models (LBL), (4) Project Independence 
Eval/iatich System (PIES) Model, and (5) the Brookhaven National Laboratory's 
Brookhaven Energy Supply Optimization Model (BESOM). 

A»2.1. The DFI-SRI- Gulf Energy Model . This model is a highly detailed 
dynamic regional model of the U.S. energy supply sector. Originally, the 
model wds developed to enable the Gulf Oil Corporation to assess the viability 
of synthetic fuels production. Since then, the model has been expanded 
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considerably and has been widely used by several Federal government agencies, 
the Electric Power Research Institute, and various private sector firms. 25 
Presently, versions of the model are being further developed, independently, 
by Decision Focus Inc. and SRI. SRI is also developing, a world energy mp#i; 
based on a similar methodology.^^ 

Model Structure and Outputs . The model is designed to evaluate the 
viability of alternative energy supply technologies, over a 50-year time 
horizoni End-use energy demands are given, and choices between competing 
energy conversion, distrribufcion and pfimary resources are determined on the 
basis of relative prices which, in turn, are determined by individual demand 
and supply schedules., 'fhe outputs of the moyG^ include .the time path of 
prices and quantiti/is of various energy fCrms. Also produced are the capacity 
additions in various activities needed (to supply intermediate and final energy 
demand plus transportation and distribution facilities. 

The model incorporates 17 end-use demand categories!, for each of nine 
U.S. census regions, and currently contains about 2,700 separate processes (or 
activities) within its s.tructura. Each activity has a price-cost relationship 
in which price is determined by fixed and variable cost items. Input-output 
relationships among activities determine derived demand requirements. Output 
requirements relative to existing capacity along with discounted profit 
streams determine capacity additions over time. Profits are given by price- 
cost relationships. Capital costs? are influenced by exogenously provided tax 
rates. Costs of secondary materials required in main processes are determined 
endogenously through simple lag relationships between capacity utilization, 

25 

For example, see the report of Synfuels Ir-.eragency Task Force [40]. 
26cazalet [56]. 
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price and capacity additions in the secondary inputs sector.. Prices of 

secondary inputs then enter the computation of capital costs for the main 

activities. Important lags are introduced into the supply dynamics through 

relationships which specify capacity additions and retirements, and through 

lags in the price-output adjustment process. 

The main exogenous variables and parameters entering into the model 

include the following: 

.. Technical input-output relationships, and thermal efficiency 

conversion relationships 
. Cost estimates for new technologies 

. Growch in end-use demand, by region, as related to regional 6NP 

growth, and population growth 
. The aggregate itiflation rate in the economy 
. Required economic rents in primary production activities 
. Discount or interest rates 
. Growth in potential reserves of basic resources 
. Imports of crude oil or other energy forns 
. Regulatory or other constraints on the aujustment of prices 

or costs 
. Assumed lag relationships 
. End-use demand elasticities 

The model" solves iteratively until a set of output levels and prices is 
determined for all activities, which satisfies the final demand requirements. 
In addition to determining an efficient supply allocation, the model output 
indicates how much capacity expansion is required over me in various acti- 
vities. However, direct labor inputs are not presently included in tlie input 
framework, although the model structure would permit this if labor-output 
estimates for various activities Were specified (as, for example, in the 
J Bechtel energy supply planning model). 



engineering data oh costs and technology, with the advantages of a supply- 
demand model which determines market-clearing, prices for various activities. 



Evaluation of the Model. The SRI-Gulf model attempts- to tie together 
the advantages of a detailed structure of the energy supply sector, using 
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The model's great detail permits easy modification to represent the introduc- 
tion of new technologies, limitations on basic resource supply (foreign or 
domestic), and the operation of government regulations. 

The principal limitation of the model lies in the reliability of 
estimates of various parameters (such as in lag relationships) and in the 
specification of functions which determine prices and capacity expansion. 
Limitations in the price determination process are particularly important, 
since prices (and lag effects) determine market shares or activity levels, 
which determine output requirements, capacity additions, etc. Capacity 
additions, in turn, are related to capital costs and total costs over time. 
Other aspects of the price-cost determination process also present diffi- 
culties. Economic rents, discount rates and interest rates are assumed, as 
is an economy-wide inflation rate. The latter is used to "move" a number of 
costs and prices in the model over time, but linkages between the economy- 
wide inflation and interest rates or rental values are not addressed. In 
addition, although engineering information may permit estimation of regional 
differences in costs of various activities (as in extraction or power conver- 
sion), it is not clear that the mcdel specifies similar differences for price 
or cost formation. Thus, the effective amount of information with respect to 
price formation processes may fall considerably short of the detail in the 
model permitted by engineering data. 

Because the dynamics of price-cost and capacity change are determined 
by simple lags and rate-of-growth assumptions, rather than by estimation of 
actual cost functions from data, the optimizing allocation of supply activity 
via prices appears less appealing as a practical result than one might expect. 
A useful test for this model would be to compare actual and predicted alloca- 
tions and capacity additions over time. 
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A«2.2. The Bechtel Energy Supply Planning Model (ESPM). The ESPM was 
developed by the Bechtel Corporation for the National Science Foundation and 
the Energy Research and Development Administration. The model was designed 
to estimate regional requirements for capital, manpower, materials and equip- 
ment. The main intended use was feasibility analysis of various national 
energy scenarios in the 1975-1995 time frame. These scenarios included the 
depiction of annual incremental requirements for various inputs needed to 
supply the overall energy demanded by the econoiny. 

The ESPM model simulates a detailed energy supply systeii including 91 
types of energy extraction, processing and transportation facilities. It 
determines requirements for 75 categories of capital, manpower, materials and 
equipment for each of 14 regions. The model is basically an accounting tool 
and is not constrained in any way by the availability of the input require- 
ments derived from the exogenously given fuel mix associated with end-use 
demands. Facility requirements are modeled for the supply of energy in 
various forms from coal, natural gas, crude oil, oil shale, nuclear, hydro- 
power, geothermal, solar and solid waste sources. Numerous conversion 
facilities are modeled which describe the conversion of basic energy sources 
into final fuel and power forms at end-use, e.g. gasoline, electricity, heat, 
etc. The model contains a total of 251 detailed energy flows— by type and by 
region—and 66 types of facilities in the energy sector, and 25 types of 
transportation facilities. Outputs of the model are "direct" requirements 
only, derived from engineering data which specify the input-output relation- 
ships in physical or cost terms for each activity. Gestation periods associ- 
ated with planning and construction of facilities are also specified in the 
model. These data were derived from actual experience of various divisions 
of the Bechtel Corporation involved in the design and construction of many of 
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the facilities, and from other industry contacts, and technical literature. 
Much of the data wa's developed jointly with the Stanford Research Institute. 27 
The ESPM model includes considerable detail with respect to direct manpower 
requirements associated with the building of energy extraction and conversion, 
facilities. The attached table indicates the detail contained in the model. 
The "Reference Case" referred to in the tables is the FEA's base projection 
presented in the "1976 National Energy Outlook," Appendix F. Fuel demands 
and location coefficients for energy supply facilities were generated by the 
FEA-PIES model, and were made definitionally compatible wltJi che ESPM 
model. 28 The detailed occupational manpower demands generated .by the ESPM 
model demonstrate* one of the key advantages of process-type models, namely, 
that If the requisite data are available- and the Input-output relationships 
are plausible, direct manpower requirements associated with expanding the U.S. 
domestic energy sector can be derived explicitly by the model. Since the 
model estimates refer to labor requirements, they do not indicate anything 
about how labor markets balance supply and demand. Consideration of supply 
conditions could, in reality, impose constraints on construction of facilities. 
Experience has shown that most manpower projections suggest impending short- 
ages of particular types of personnel, but in reality such shortages have not 
materialized as initially projected because of various labor market adjust- 
ments. 29 On the other hand, one reason that labor shortages have not 
materialized thus far is that the overall econon\y is operating well below 
full employment. A company survey of manpower supply-demand matchups suggests 

27 

Carasso and Gallagher [54], p. 5. 

28 

Gallagher and Zimmerman [l75], pp. 2-5 to 2-8. 

29 

Gallagher and Zimmerman [l75], p. 8-5. 
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that much more information is needed with respect to regional supply poten- 
tialities by occupational category, as well as information on the drain of 
skilled U.S. personnel to foreign jobs.^*^ 

A. 2.3. Lawrence Berkeley Laboratory Models . The modeling work at the 
Lawrence Berkeley Laboratory (LBL) is best described as developmental. This 
work has been a series of projects employing one general approach, rather 
than one model applied in several applications. The approach is to apply 
static li»iear or quadratic programming, input-output techniques to the study 
of energy use and the impact of shortages of basic energy inputs on 'industrial 
output and employment. One objective of the modeling work has been to explore 
the extent to which input-output and linear programming can be used tc analyze 
energy problems. This research has been supported by EPRI, ERDA and the FEA, 
LBL work has emphasized tracing the feedback effects on output and employment 
of constraints Imposed on energy inputs. In some applications, detailed 
specification of processes in energy conversion and in iron and steel produc- 
tion are modeled within the linear programnlng construct. The prices which 
determine such substitutions are those inherent in the LP model— the shadow 
price allocation mechanism. No other price substitutions are modeled within 
the I-O tableau, and the implied adjustment system of the LP-10 model Is one 
of "full equilibrium" adjustment, as if all markets were perfectly competi- 
tive. The static modelis applied to scenarios which consider the effects of 
shortages for specific future time points, such as 1980 or 1985. While the 
modeling effort attempts to consider substitution In fuel use, the Instanta- 
neous nature of LP price allocations is not of great predictive Interest, 



'Gallagher and Zimmennan [l75], pp. 8-5 to 8-9. 
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since fixed coefficients are assumed everywhere else in the model. Also, no 
price effects are moaeled in the configuration of final, demands. v 

A matrix of coefficients for Tabor-output requirements, including 40 
BUS occupational categories, is appended to the I-O model. However,, for pro- 
jection purposes, the 1972 coefficients are assumed to hold. Consequently, 
the role of capital formation over time and substitution possibilities is not 
considered. On the whole^ much less attention was paid to developing plaus- 
ible adjustments of coefficients, or plausible values for constraints on 
industry capacity or labor input, than was given to developing an LP model for 
the energy subsectors of the ecohon\y. It is not entirely clear why the 
modelers chose to append the 1-0 model to LP-process models for key energy- 
producing and consuming sectors. 

One of the more recent LBL exercises is discussed briefly below. This 
study involves the use of a 97-sector input-output tableau, designed for the 
study of energy and fuel-mix supply effects on the U.S. economy. ^1 For elec- 
tric power generation and the iron and steel industry, further detail was 
added to the sectoral specification, as the major focus of the study is upon 
electricity production and industrial consumption. The iron and steel in- 
dustry is a major industrial consumer of electricity. Generating technologies 
are explicitly modeled using coal, gas; oil, and combinations thereof, and 
hydroelectric and nuclear electricity generation are explicitly represented. 
A detailed analysis was made of the difference between peak load electric 
power generation and total annual electricity demand requirements, with the 
production boundary constraint defined in terms of peak load. 

The model was used to simulate Impacts of energy shortages, as in 

Glassey and Benenoon [62] and [63]* 
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crude oil imports or power generating capacity, which are introduced as para- 
metric constraints in the linear programning solution. Constraints are 
introduced which cover upper limits for domestic industrial output, total 
labor supply, and peak electric power generation. Lower bounds are set on 
6NP, which the program attempts to maximize. Balance constraints equating 
energy demand with domestic production plus imports are applied to the six 
main energy sectors detailed in the model. Point estimate projections are 
made for 1975, 1980 and 1985. Final demand vectors and 1972 I-O coefficients 
were obtained from BLS. Labor-output ratios and occupational data by industry 
category were also obtained from BLS and apply to 1972. Main outputs of the 
model are GNP and gross output by sector, employment (total and^by occupa- 
tional category), fuel substitutions in electric utilities and the iron and 
steel industry, energy outputs in various forms, and shadow prices for energy 
and steel. These show hoW prices vary as the energy supply constraint is 
successively applied in the solution of the model. 

The static nature of the model makes it useful for tracing impact 
effects which might have been plausible around 1972. For projections for 1980 
or 1985, the model is less useful. For example, BLS final demand projections 
for those years are used to describe the allocation of final demand, but those 
allocations reflect BLS aggregatsa price assumptions and BLS methods for estab- 
lishing the bridge between final demand and industrial output sectors. 
Clearly, even the hypothetical price adjustments implied by the shadow prices 
in the LP program would imply considerably different configurations for final 
demand prices, and final demand itself. In short, one of the limitations of 
this construct is that price behavior is not modeled. This is true also for 
the substitutions in energy production and use implied by LP shadow price 
allocations. The LP model treats all energy forms as joint products, and 
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' quantities demanded are independent of price prior to the operation of the 
boundary constraints imposed upon the solution. In the general behavior of 
the model, increasing the scarcity of a fuel leads first to its decline to 
the lower bound established by the consumption-production balance constraint. 
Its , use- then increases up to the boundary imposed by the import constraint. 
Then, fuel substitution in the electric utilities and iron and steel sectors 
takes place up to the point where use of the scarce fuel is reduced to zero 
or the substitute fuel is used up to production capacity. The nature of the 
LP solution is thus to alter a shadow price for a scarce factor only after a 
boundary condition is reached, after which the demand for the next most scarce 
resource is successively raised until it, too, encounters a boundary con- 
straint, its price rises, and so forth. The final equilibrium maximizes 
output and selects the least cost combinations of energy supplies that will 
do so,- given initial constraints. One attribute of the LP output combined 
with the I-O framework is that, with fixed labor output ratios (arid upper 
bounds for labor supply by sector and occupation), labor requirements derived 
in a simulation reflect only the output patte.rns. The course of capital 
formation and productivity growth, by sector, and corresponding relative price 
changes imply that the static model is highly inadequate as a tool for por- 
traying projected labor requirements. 

Lawrence Berkeley Laboratory (LBL) developed a very preliminary 
regional-occupajblonal manpower model for ERDA as a tool for analyzing manpower 
constraints on energy industry plant construction and operation. •'Vhe objective 
was to see if trained manpower in all required operations will be available In 
adequate numbers to construct and operate the energy plants implied by con- 
sumption forecasts associated with the econoniy's growth, Because energy 

^^enenson, et al, [47], p. 2^ 
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impacts on industrial and labor markets have important regional characteris- 
tics, the modelers somehow thought it appropriate to specify a great deal of 
static, sectoral and regional accounting detail in preference to a more 
aggregate but more behavioral ly-oriented modeling approach. In this effort", 
the model treated two regional sectors (RocKy Mountain states and the rest of 
the United States)., 79 I-O industrial sectors, and 40 occupational categories 
applying to labor demand and supply. The 1-0 model utilizes the Harvard 
Multi -Regional 1-0 Model (•MRI0).33 The two regions treated are aggregated 
from 1-0 tables for 51 states. The 1963 1-0 coefficients were adjusted to 
1972 for relative price changes. 3^ Final demands are estimated according to 
.1972 constant dollars, for each state, although production sector technology 
is assumed to be the same in each state as in the national econoiny. The 
relation between imports, exports and output in each region is also assumed 
to follow national patterns. Given the same 1-0 definitions in all states and 
regions, differences between state patterns of final demand and gross outputs 
also define the trade flows as the difference between consumption and produc- 
tion. The labor-output coefficients were developed from the BLS 1970 
industry-occupation matrix, updated to 1972. These coefficients are assumed 
applicable to conditions in 1980, a typical forecast year. Five energy 
sectors are explicitly considered in the model, with all outputs expressed in 
terms of BTU's. Thess sectors are coal, crude petroleum and natural gas, 
refined petroleum, electric utilities and gas utilities. 

In order to impose a linear programming allocation process on indus- 
trial choice, and indirectly the demand for various types of labor, con- 

33polenske [148]. 

^''^Benenson, et al, [47], pp. 15-16 afed p. 73. 
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preted as market rices • Thus, as with many static I-O models> there is no 
acceptable price allocation mechanism working on the adjustment of final 
demand patterns, Industry trade margins, or tecnnical relationships within the 
industrial sector. This lack of a pricing mechanism is precisely the reason 
that the constraint of equality between energy production and consumption 
cannot be imposed within the model while other constraints are operating- 
there is no concept of scarcity incorporated in the model. Similarly, there 
is no state level or regional model which describes how labor markets would 
function by occupation, or how capital would be allocated, which would be of 
great importance in defining actual regional labor demand. 

A.2.4. P roject Independence Evaluation System (PIES) Model. The PIES 
system rs a comprehensive energy sector model developed by the Federal Energy 
Administration. PIES is designed to evaluate mid- to long-term equilibrium 
conditions In the U.S. energy econorny. It is perhaps the most extensive 
energy model in terms of scope and complexity. The system has been used ex- 
tensively In analyzing national energy scenarios, such as those presented in 
the National Ener^ Outlook. The model seeks to answer questions concerning 
the level of U.S. oil imports under various world oil price assumptions and 
assumptions about the supply responsiveness of the U.S. energy sector. The 
integrating model (PIESIM), nunerous supply submodels, and the Regional 
Demand Forecasting Model (RDFOR) compare the PIES and are described in general 
terms in a IS-volume FEA series. Project Independence Evaluation System (PIES) 
Documentation .^^ 

The core of PIES is the Integrating model (PIESIM) which Is a detailed 

most useful general description of the sy&tem Is found in FEA 
[59]. The demand model is outlined in FEA [58]. A very good overview of the 
original modeling effort ie given by Hausman [I80]. 
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regional description of the U.S. energy economy, wherein production, conver- 
sion, transportation, distribution and consumption are interrelated. Although 
PIESIM ties demand and supply together, most of structure of the overall 
PIES model Is concerned with energy supply and distribution. Figure A-6 shows 
the overall structure of the model in much simplified detail. PIESIM brings 
together the following main components of the domestic energy economy: 

1. Fuels demands from the Regional Demand Forecgsting Model. 

2. Oil and natural gas drilling activity, primary supply, and 
production from the oil and gas supply models. 

3. Coal mine and coal supply from the coal model. ^ 

4. Imports of oil and gas, given exogenously, or derived from the 
International Energy Evaluation System (lEES). 

5. Energy supply from nuclear, synthetic, solar, and geothermal 
technologies", given exogenously. 

6. Power conversion in refinery and electric utility activities. 

7. Transportation and distribution facilities. 

The detailed energy flows modeled with PIESIM are illustrated in Figure A-7. 
This detail is expanded again by the regional specification of these activities. 
PIESIi'/ also reconciles differences in regional definitions appropriate to 
demand, and to supply activities in various energy forms. 

PIESIM is a static, linear programming model which produces optimum 
energy supply and equilibrium price configurations for the complex energy 
sector for 1980, 1985 and 1990,. The linear program-chooses minimiiii cost fuel 
combinations which satisfy demands, and chooses optimum locations for produ- 
cing basic fuel supplies, and for refining, generating and transporting 
activities. As an optimization model, it operates according to prices, 
assumptions about the resource base, technical (input-output relationships) 
and cost data pertinent to numerous supply activities. It also operates 

~^07 ' 
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-Within the boundaries provided by various capacity and policy constraints and 
policy-derived market conditions such as price regulations (as for "old" oil, 
natural gas, oil entitlements, etc.). Tax measures which affect conservation 
are the main exogenous factors which interfere with a perfectly competitive 
approximation to market equilibrium implied by the linear progranming solu- - 
tion. 

In implementing a PIES simulation, exogenous values are given for 
import prices and availabilities, for conservation, for primary energy supply 
conditions, for technical and price- tax-cost constraints, and for macro- 
economic variables. The macroeconomic variables are produced independently 
from one of several widely-used models. 37 jhe main variables here are for 
GNP, unemployment, population and income (or an activity measure such as value- 
added or industrial production appropriate to the demand sector in question). 
These are taken as equilibrium values for 1980, 1985 and 1990. These macro 
variables are used to drive the demand model. Demand is specified according 
to four main categories—residential, commercial, transport and industrial 
consumption. 38 The main features of the demand model are Its regional ity, its 
allowance for dynamic adjustments which represent economic costs and inertia 
associated with converting existing capital stocks in response to sudden 
energy price changes. 

The manner in which fuel demands are specified and integrated into the 
PIES framework has important implications for the consistency and validity of 



37 

DRI long-range forecasts have been typically used for this purpose, 
for exaaple. *^ *^ * 

38 

Demands in the transportation sector, for auto and truck gasoline 
and diesel use, rail diesol use and commercial jet fuel use, are obtained by 
a separate methodology emphasizing end-use, as interfuel substitution is not 
a main issue. The auto gasoline demand model is described in Sweeney [llJl]. 
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resulting projections. As noted above, there are four main categories of 
demand. Within each of these, total demand is met by one or more substitute 
fuels such as electricity, natural gas, distillate and residual fuel oil, 
kerosene, etc. The modeling problem is sizeable, as- total demand, component 
fuel demands and regional characteristics in each of the four sectors must be 
accounted for. In order to limit the simultaneous demand estimation problem 
to something more manageable than the 63 equations implied by seven fuels in 
nine regions, a three-step procedure was devised to simplify the analysis. 
First, for each of the four major demands, an index of total energy demand is 
specified as a function of an activity variable (income, value-added, etc.), 
and the absolute level of a deflated (constant price) fuel price index, also 
exogenous. Second, estimates of intermediate fuel demands for electricity or 
petroleum refining are determined '(within the PIESIM model). These estimated 
demands are then subtracted from the total energy demand in each category. 
The third step is to divide the net total demand for fossil fuels among com- 
peting fuels in each of the nine regions of the country. Regional quantity 
and pric- values are constrained to add to national totals in each demand 
category by specification of total quantity and price indexes as log-linear, 
value-weighted averages of regional prices or quantities. The regional value 
shares (weights) remain fixed over the entire projection period, a very 
stringent condition. 39 jhe regional fuel mix within each demand category is 
arrived at by using a simple share function, where the ratio of each specific 
fuel to the total energy^index (in each region) is determined by the price of 

0 

39 t- 

It may be noted that total energy demands, by region, are calculated 
by varying the intercept value in regional equations, which are constrained 
on all other coefficients to national aggregate values (derived from pooled 
estimation methods). Tnus, the adjustment response to prices and incomes is 
assumed to be homogeneous across all regfons^ a highly restrictive assumption. 
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each specific, competing fuel relative to the total energy price index (in 
each region), and the Ijagged value of the dependent variable. 

Since demand estimates and elasticity calculations entering into the 
PIESIM integrating model are critical to the equilibrium price and allocation 
choices made within the system, several results and limitations associated 
with this set of procedures are worth noting. First, the exogenous aggregate 
fuel price index developed for each demand category for 1980, 1985 and 1990 
is determined by adding an assumed markup to prices of primary energy 
supplies, and weighting the fuel prices together by 1972 value weights for 
all years in the projection period. Consistency between these assumed equil- 
ibrium prices and the equilibrium prices generated within PIESIM is not 
guaranteed by the model. Nor is it clear what, if any, consistency exists 
between these exogenous prices and macroeconomic projections of income or 
activity, also exogenous to the demand model. Second, exogenous income and 
activity levels are apportioned to regions according to the 1974 regional 
Income share estimater. developed by the Commerce Department (Survey of Current 
Business , April 1974).^° Hence, regional income share adjustments which could 
be expected to accompany regional energy price changes generated within PIESIM 
are not permitted. Third, the activity variables enter only the overall 
demand equations for the four main demands, and do not enter directly into the 
demand equations which determine detailed fuel mix demands for the fossil 
fuels where fuel shares are related to the own-price relative to the total 
energy price in each demand category. Thus, regional fossil fuel demands do 
not vary directly in response to regional differences in income levels. In 
addition, with only an own-price variable to determine fuel choices, cross- 

^^FEA [59], p. 20. 
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price elasticities of demand -with respect to all other fuels become identi- 
"cal.^l In combination wjth the fact that demand elasticities for each major 
demand's total in each region are constrained to be equal, much of the 
robustness of the regional ity of the specification would appear to be lost. 
Fourth, the fixed weights or shares determined for regional incomes, demands 
and prices is a very restrictive assumption, particularly if regional demands, 
prices, and incomes vary substantially in the projection years from values 
implied by shares applicable to the early 1970's. Most of these reservations 
regarding the PIES demand model are known to FEA analysts. However, the 
operational implications of these factors do not appear to have been empiri- 
cally evaluated, and documentation regarding the way in which the model was 
handled to compensate for implausible results related to these deficiencies 
is not avail able. 

The demand model provides PIESIM with a set of initial quantities, 
prices and demand elasticities. In a solution iteration to derive equili- 
brium conditions in the energy sector, PIESIM starts with estimated 
quantities demanded. These are interfaced with energy supply schedules to 
determine a marginal supply price (point estimate). Various market condi- 
tions, such as price regulations, are permitted to override the initial 
marginal prices, to give a set of supply prices. Adding in various markups 
for interim activities generates an estimated set of retail prices. Given 
the demand elasticities, a -new set of quantities demanded are determined. 

usman [180]^ p. 538» 

^%atisman [l80] found, for example, that cross-price elasticities, of 
demand between coal, natural gas and fuel oils had incorrect signs. Hence, 
fuels appeared to be complements when it is most probable that they are 
substitutes. The result was that with higher oil prices the demand for 
luitural gas falls~a counterintuitive result. It is not knovii hoW later 
versions of the model were corrected. 
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Initial and final prices are compared and, if not equal, PIESIM iterates 
successively until all constraints are satisfied and a set of equilibrium 
prices Is computed which balance supply and demand in all sectors and regions. 
As noted above, the equilibrium prices determined within PIESIM will not 
necessarily agree with original point estimate prices entering the demand 
model. Consistency here is achieved by ex post evaluation. 

The main computer output of the PIES model is "Wonder Cookie. "^^ j|,g 
main tables in this output provide the following information: 

1. Sumnaries of national levels'of production, consumption, and 
Imports by fuel and sector; 

2. Regional details of oil and gas production and distribution, and 
the allocation of natural gas shortages under price regulation; 

3. Regional details of coal production and distribution; 

4. Sectoral/regional energy consumption by fuel; 

5. Regional refinery fuel consumption; 

6. Regional electric utility fuel consumption and qeneratinq 
characteristics; 

7. Regional prices. Including retail fuel prices in final demand 
sectors/, and wholesale prices in demand regions, utility regions, 
refinery regions, and oil and gas cupply regions. 

In its present formulation, the PIES system does not generate any in- 
formation on employment requirements withiri the energy sector. Moreover, as 
there are no feedbacks (except ex £ost assessments) from the energy econoiiy 
to the macro economy, aggregate growth, employment and policy remain indepen- 
dent of the energy sector. Current macro models are not well-suited to 
meaningful Integration with the PIES system, because of aggregation and 
emphasis on Income determination rather than on prices and quantities in 
Individual markets stressed in PIES. The PIES model does not appear to be a 

*^FEA [59], p. 60. 



ERIC 



114 



no 

useful construct for considering employment questions related to behavior in 
the energy sector* It Is primarily useful as a tool for determining domestic 
energy demand, short-run supply and, thus, oil import requirements* 

The current status of development of the PIES system is also unknown, 
as FEA has been absorbed into^the new Department of Energy* Changes in the 
PIES system to rectify some of the deficiencies noted are not known. Avail- 
able documentation indicates that consideration of some of these problems was 
underway, particularly in the supply side of the system, but it is not known 
how. If at all, formal modifications to the system were made. 

A.2.5. The Brookhaven Energy Supply Optimization Model (BESOM). The 
Bropkhaven, National Laboratory (BNL) modeling effort, under the direction of 
Kenneth Hoffman and William Ma reuse, has been directed at constructing a 
system for Integrating various independent models in order to jointly evaluate 
economic, technological and environmental factors of importance- in the opera- 
tion of the U.S. enerigy econorny. This work has been sponsored by ERDA, whose 
principal mandate has been to assess medium- to long-term effects of alterna- 
tive gc/ernment policies In the areas of research and development, energy 
supply and conversion technology development, and measures affecting energy 
conservation. Given this emphasis on supply and technology, BNL developed 
the BESOM, which is a linear prograrranlng energy supply model. However, since 
the main emphasis of BNL work concerns the system of linked models, this 
system will be briefly outlined, and the BESOM model will be discussed in Its 
component role within that system.^^ 

44 

The BNL system, including BESOM in various forms, is described in 
general terms by Bchling and others [48], [49], and [50]. Numerous BNL 
reports to ERM descr5,be applications of the system to policy issues such 
as nuclear moratorium legislation [l52], and economy impacts of greater use 
of electricity in couiparison with imported oil [l97j. 
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^The BESOM system is mostly utilized for mediun-tem projections to 

1985, altheugii some runs have been made for the year 2000. In order to 
Interface demand and supply, and also take into account important environ- 
mental and technological factors operating at the disaggregated level within 
the energy sector, a bridge was constructed between the DRI-Hudson-Jorgenson 
model and the BESOM linear programming model. Although the long-term macro 
growth modeT provides a time dimension to the system,. the solution of main 
"components is static. Thus, price adjustment reflects equilibrium resource 
allocation, rather than dynamic price-cos ttadjustment. 

* 

In the BNL system, the H-J model Is used to provide the overall 
configuration of energy demands and provide the entry point for tax policy 
variables affecting the cost of capital and demand conservation.. These 
aggregate energy demands are then disaggregated into functional demand re- 
quirements according to end-use (transportation, space heating, air 
conditioning, water heating, etc.). This is done in BTU terms for 20 detailed 
• sectors of the 110-sector input-output model. These sectors dovetail pre- 
cisely with the BESOM linear programming model's sectoral specification. The 
coefficients for these 20 detailed sectors are not predetermined, but rather 
are determined by the BESOM solution. The remaining I-O sectors coefficients 
are taken as an average of the results obtained by BLS and by Almon, and BNL 
judgment (see Tessmer and Sanborn [81]). Final demand, both for functional 
energy configurations and for non-energy demands, also rely heavily on BLS 
and Almon work and on BNL judgments about the composition of detailed energy 
demands that are consistent vtith the^ results o f the Hudson-Jorgenson model. 
The 1-0 functional energy demands became an' input to. the BESOM optimization 
model. As an energy sector linear programming specification, BESOM contains 
detailed specification of technical -engineering and cost characteristics which 
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Figure A-9. BESOM: Diagrammatic Representation 
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I describe numerous activities in primary energy supply, conversion and distri- 

I bution within tha energy sector (much the same as the detail specified within 

I the integrating model of the PIES system). BESOM also gets as inputs, supply 

I and/or supply price schetiules for primary energy inputs (coal, gas, oil), 

I usually supplied by ERDA analysts. Given an upper bound for oil imports, the 

I model endogenously calculates oil imports as a residual, given total energy 

I demand, and domestic supplies. Constraints are set for environmental factors, 

I capacity, peaking and load factors in electricity production, resource deple- 

I tion, and demand balancing requirements. BESOM solves for a least-cost mix 

I of energy supplies and conversion activity levels provided that supply and 

I demand are in balance given the constraints. Iterative solutions to attain 

I convergence involves the adjustment of the detailed functional demands within 

I the I-O vector. If these cannot be made to converge, total demands are 

I ' adjusted at the level of the Hudson-Jorgenson model's detail, and a new price 

I configuration is determined at that level. Through successive iteration be- 

I tween these models, an attempt is made to achieve quilibrium in quantities 

I suppli'^d and demanded, and in prices. Oil imports derived in BESOM are also 

I checked against the- net exports determined in the Hudson-Jorgenson model. 
I As noted in the review, a major weakness in the BLS and INFORUM models 

I has to do with the lack of a properly specified price determination mechanism. 

I The data and assumptions underlying the construction of real quantity "bridge 

I tables", or sectoral labor productivities or capital flows, involves a large 

I number of arbitrary factors and introduces inconsistency in the pricing 

I behavior between demand and production. Thus, much of the price consistency 

I achieved in the Hudson-Jorgenson model may be lost in the transition to 110- 

i sector level of detail. Moreover, the I-O model weakens the consistency that 

I should exist between the BESOM linear programs shadow prices and the prices 

I » 
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detemined by the interindustry macro model. The iterative solution of the 
system achieves consistency in prices in some unknown way determined by the 
quality of the I-O disaggregation process. 

Attached to the 110-sector 1-0 model is labor productivity matrix and 
a capital flows matrix, enabling estimates to be derived for employment on an 
1-0 basis. As with the price analysis, consistency between productivities 
implied in the aggregate production functions, in the macro model, and those 
implied by labor-output ratios in the 1-0 model, is not assured by the 
methodology. Moreover, there is nothing in the model which adjusts these 
detailed productivity estimates in response to energy sector adjustments 
except the vague assunption that future productivity growth is likely to be 
lower, requiring some sort of scalar adjustment of average labor-output 
relationships from historical trends. A similar sort of economic behavior 
appears to be embodied in the system in the way in which capital requirements 
generated in BESOM become reconciled with those in the aggregate model (the 
capital submodel is run as an option). Apparently, increased supply side 
investment requirements are satisfied by reducing consunption and rerunning 
the models with the new demand configuration, rather than being considered to 
alter the raj;e of overall real growth in the economy. 

A. 3. Energy Subsector Models . The models reviewed under this section 
are those which deal with particular energy subsectors such as natural gas. 
Typically there are several different models within each subsector classifi- 
cation. These models view the various subsectors in isolation with no feed- 
back effects to the general econoiny or other energy subsectors. The sub- 
sectors covered in this section include: (1) the coal industry, (2) the 
natural gas industry, (3) electricity demand, (4) gasoline and automobile 
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demand, (5) world energy models, (6) macro econometric models, and (7) single- 
equation studies. While the last three are not, strictly speaking, energy 
subsectors, they are included in this section for completeness. 

A. 3.1. ' Coal Industry Models. A cornerstone in current official energy 
poliqy is, the priority being accorded to increasing coal supply. Among the 
many considerations bearing on expanded coal supply are the development of 
Infrastructure for production, transportation costs, regional manpower avail- 
afc'*lity, mine safety rules, air pollution and environmental reclamation 
standards. ^5 j^e large Influence of government In.msny aspects of the 
Industry's operation presents policymakers with a greater- than usual need for 
systematic analysis of various economic or environmental trade-offs. For 
example i> the. Federal government is the largest single owner of western lands 
containiiig large, and as yet uncommitted, low-sulfur coal reserves. While 
greater use of low-sulfur coal niay be desirable froni an air-poll uti on abate- 
ment standpoint, various ecological and environmental costs are associated 
with developing -the low-sulfur coal supplies in these wilderness areas. 
Weigh. .ig one environmental ooal agiinst another becomes a formidable task 
because of the externalities involved. Policies which contemplate a large 
expansion of western coal supply also confront other difficulties. Labor 
costs (including mine safety costs) are a significant component of the .cost- 
competitiveness of eastern coal, whereas stripmine reclamation costs, trans- 
portation costs, and severance taxes are a significant determinant of the 
cost competitiveness of western coal. An interesting institutional question 

^harikh [77], p. 2. 

^^See Macrakis, et al , [188], Chapter III for a discussion of various 
externalities associated with increased low-sulfur coal production. 

122 



117 

in the labor area may arise from the social cost of and labor union resistance 
to. displacement of miners from one region to another which would accompany 
supply shifts associated with some of the tighter air pollution abatement 
standards presently being considered/^ 

Coal models are numerous, and generally of two main varieties. First, 
there are important coal subsector models within large econqn\y-wide energy 
models (e.g. the PIES model). A second, more important group of coal models, 
is specifically oriented toward coal supply, transportation and environmental 
considerations. Because coal reserves, production costs and transportation 
facilities as well as end-uses vary considerably by geographic region (and by 
installation), most coal supply models contain a fair amount of regional 
detail. The pervasiveness of government regulation in so many facets of the 
industry's operations, and the substitutability of various coal types with 
, each other (and with other energy forms) has made detailed linear programming 
models more appealing than demand-supply models. This also follows from the 
fac.t-4hajt,^it-has been difficult to determine the supply function in terms of 
ijiput prices an,d factor productivities. Costs vary considerably, installation 
to installation, even within a region, and even for the same technology.^^ 
Thus far, most of the analytical effort has been on estimating the delivered 
price of coal to end-users, taking into account transportation costs, sulfur 
content (pollution regulations), and production costs measured in very simple 
terms. Much less emphasis in research work has been given to detailed speci- 
fication of tf.e cost structure of the industry, and the corresponding factor 
demand relationships, including manpower requirements. Perhaps more than for" 

47 

Libbln and Boelje [75], p. 466. 
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number of difficulties in this area were the subject of the 
excellent attempt by Zimnerman in [82] and [83] to estimate a coal cost 
function for the eastern U.S. 
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most other energy technologies, labor requirements over the next decade asso- 
ciated with expansion of coal supply are relative unknowns. This follows from 
a rather questionable undej^atfdjng of the labor demand function, the rela- 
tionship between real wages and use of capital-intensive technologies, and 
the operation of government regulations. The models do suggest, however, that 
a main factor which will affect future labor demand is the mix of output, 
between east and west, and between deep mining and strip- mining. 

In this review, a brief discussion of the Bechtel RESPONS model is 
given. This model is Illustrative of the linear progranmlng-coal supply 
models. Most of these models provide fairly consistent results with respect 
to assumptions about demand and emissions regulations/^ RESPONS is also 
somewhat more detailed than most other models in .specifying transportation 
costs and alternative modes, supplies of alternative fuels, etc. Finally, 
documentation on the model is more complete. 

Main coal models can be categorized into two groups, as follows: 

1. Linear progranmlng, regional coal sifljply models: 

a. . Argonne National Laboratory,, Asbury [70]; and in Parikh [77] 

b. Bechtel Coal Model— RESPONS [76] 

c. Charles River Associates (for PEPCO) 

d. ICF National Coal Model (for FEA) 

e. Libbin and Boehlje [75] 

f. Oak Ridge National Laboratory 

g. Alan Schottmann's dissertation [80] 

2. Regional demand-supply models: 

a. DRI Coal Model^° 

b. Resource Planning Associates' Model 

c. Coal Sector of the SRI -Gulf Energy Model [56] 

d. Coal Sector of Bechtel 's ESPM [54] 



^\ibbin and Boehlje [75], p. 466. 

^°Xhe DRI coal model is currently being developed by Zlmnerman. It 
wiU integrate the coal demand equations of the existing DRI energy model 
with a supply model provided by ZiamcTman, presumably an extension of his 
dissertation work. 
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Most of these models are reviewed by Gordon and Parikh.51 The SRI-Gulf and 
Bechtel ESPM models are discussed elsewhere In this review. At present, only 
the Bechtel ESPM generates estimates of manpower requirements, but this is 
not a coal sector model, per se. Although none of the programming models 
attempt to specify input costs in detail, this is conceptually feasible. 
Hence, manpower requirements associated with coal supply expansion could be 
attached to the models. The difficulty would be in deriving reliable esti- 
mates at the regional level of detail. As Parikh [77] has rioted, much more 
attention. Is required in developing the data base for the regional supply 
models, and this is particularly true if the models are to be used with any 
confidence for projection purposes. Unless reliable point estimates of labor 
productivity can be made, the efficient output sets determined by the 
programming optimization process will not be translatable into plausible 
estimates of labor requirements. Zimmerman's work, cited above, suggests that 
analysis of productivity trends in this industry is. indeed, a difficult 
subject, and one which has not been given adequate attention thus far. Lack 
of more specific information and understanding in this area is no doubt a 
major reason why none of the programming models has yet been augmented to 
include detailed specifications for labor requirements. 

The Bechtel Corporation developed the Regional Energy System for Plan- 
ning and Optimization of National Scenarios (RESPONS) model [76] for ERDA. 
RESPONS 1s a large-scale planning model, containing parametric data inputs 
which describe coal supply and distribution activities. In this model, 
various activities associated with extracting, handling, processing, trans- 
portlng, converting, distributing and consining energy are specified according 

models Jor m^l^]?''^ ^'^'^^^ "P-^ °- 
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to a set of static, linear relationships. Energy demands are given exoge- 
nously, and the model solves for a minimum cost combination of supply and 
distribution, given capacity and other constraints within the supply system. 

The main general categories of activities incorporated in the model 
include the following: 

1. Production and availability of coal and other fossil and non- 
fossil fuels. 

2. Transportation of primary energy forms by various modes— rail, 
barge, slurry pipeline. 

3. Conversion of energy from one form to another, including syn- 
thetic liquids, and gas and electric power generation. 

4. Distribution, Including electrical transmission. 

Important constraints on activities which are incorporated in the model per- 
tain to the availability of coal reserves, capacity levels in production, 
coal-fired power generation, advanced coal conversion (synfuel), sulfur dioxide 
emission levels in power generation, regional water availability, supplies of 
alternative energy forms (principally petroleum-based), capacity limits for 
transportation and distribution, and balance requirements that cause alT 
demanus to be satisfied. Exogenous demands are specified in detail for resi- 
dential, commercial and industrial uses, and for coal-fired electric power 
generation. Coal supply is in terms of existing mining capacity plus endoge- 
nously determined expansion of mining activity. The outputs from the model 
include quantities of different types of coal, by sulfur and BTU content, by 
region, and the share of coal output for electric power generation. Activity 
levels and, implicitly, investment requirements In varioiis activities in the 
supply chain are also dete'/mined. The main use of the model is in determining 
the number, types and feasible locations of new energy conversion facilities 
that are required to meet the demands and satisfy environmental considerations. 
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The regional detail contained in RESPONS is quite extensive. The niodeT 
output provides detail at 5 and 16 major regional levels, defined by the 
Petroleum Allocation for Defense (PAD) areas, and/or for 243 Air Quality 
Control Regions (AQCR).52 resPONS has somewhat more detail in terns of 
regional breaks and transportation modes than most other coal supply models. 
This is advantageous, as an important aspect of the industry's structure is 
the wide variation by geographic area in coal types, cost conditions, and 
distribution possibilities. The advantage of a progranming model such as 
RESPONS is that it permits the user to evaluate the feasibility of alternative 
assunptions within a methodological framework that imposes efficient choices. 
Simultaneously, the user of the model 1s required to make consistent projec- 
tions of the cost and technological parameters. It is likely that the 
engineering data upon which many of the technical coefficients are based are 
considerably more reliable for 10-year projection scenarios, than are the 
projections of unit costs. The methods for projecting unit costs for various 
activities do not appear to be wholly satisfactory, either conceptually or 
statistically. Few attempts are made to specify and estimate traditional 
fonns of cost functions. Thus, coal prices are projected as a function of 
relative coal qualities. Transportation costs are most comnonly stated in 
relation to distance traveled. Many variable costs and fixed costs for con- 
version facilities are simple functions of output measures, thereby indicating 
how costs vary with capacity utilization or scale. These methods omit the 
Important role played by factor prices in the cost functions. This is parti- 
cularly important as a limitation in the methodology, since for many energy, 
sector activities, ma rginal cosis will be detemined by the way in which 
52 

Bechtel Corporation [76], pp, 47-51, 
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factor markets. cle^iK regionally or nationally, for important inputs into the 
production and distribution activities. Moreover, the behavior of factor 
prices for inputs to the coal sector are not independent of demand and supply 
conditions related to activity in non-energy sectors of the economy. As the 
model's projections of cost items are made, there is no way of knowing if 
the set of costs projected are consistent with each other, or consistent with 
demands, supplies and prices elsewhere, in the economy. - 

At the present time, the Bechtel RESPONS model does not derive man- 
power requirements which would accompany capacity changes for various 
activities embodied in the model* Neither capital nor manpower availabilities 
in any way constrain the solution of the model. Capital items are specified 
in the cost function, but these are not converted into estimates of additions, 
discards or replacements for facilities* Adding sectors to the model for 
determining manpower requirements would appear to be feasible, and some of 
the necessary data may already be available in Bechtel 's energy supply plan- 
ning model. Further research would be needed to determine the j:\bssibilities 
for mpv'ging the two data bases and decomposing the cost variables in RESPONS 
into input prices and quantities. 

A.3.2. Natural Gas Industry Models . There are four main models of the 
natural gas industry: the FPC effort developed initially by Khazzoom^ [85]; 
the North-American linear programming analysis by Waverman [91]; the MacAvoy- 
Pindyck model [87]; and the American Gas Association's Total Energy Resource 
Analysis (TERA) [84]. Because of the limited direct impact of natural gas 
on labor and employment problems, only the MacAvoy-Pindyck model will be 
reviewed in detail. Developed by professors Paul- W. M.acAvoy and Robert S. 
Pinc^yck of the Sloan School of Management, M.I.T., under a grant from the 
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National Science Foundation, early versions of this model were completed by 
late 1972. The model has undergone successive modification since that time.^^ 
The model was designed to evaluate the Impact of regulatory policies on the 
developtnent of natural gas shortages in the 1970's. The demand-supply model 
formulation stresses prices, gas reserves and production quantities, and 
final demands. Relationships describing behavior in each of these main 
activities are specified within a simultaneous econometric model. In appli- 
cation, the model has mainly been' used to evaluate the response over time of 
supply and demand to variations in the regulated wellhead ceiling pricerfor 
natural gas. Thus, the deviation of prices from market equilibrium values 
permits estimates to be derived for the size of the shortage in each tlrfie 
period. 

The model structure focuses on behavior in two principal markets. One 
is the field market for gas reserves, which defines the basic supply poten- 
tial. The second market is the wholesale market for gas production, where 
production out of reserves, or supply, reflects the interaction of the ceiling 
prices at wellhead (e.g. pipeline companies selling gas to retail utilities 
and consumers). Prices at the wholesale level are linked to field prices via 
a markup relationship, where the markup includes transmission costs and an 
add-on for profit determined by FPC regulations. The markup items are given 
exogenously, and reflect variations associated with delivery detailed between 
8 production regions and 5 demand regions. 

Demand relationships are defined for two consumer groups: residential 
and coimercial sales, and industrial demands. For each demand region, resi- 

^^cAvoy and Plndyck [8?]. See also, Bemanke and Joygenson [7], for 
a discussion of the Integration of the natural gas model into the Hudson- 
Jorgenson energy model to study interfuel substitutions in response to natural 
gas shortages created by price regxilation. For a review of the MacAvoy- 
Pindyck and TERA models, see Neri [78]. 
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dential and commercial demand is determined by the wholesale price of gas, the 
average price of oil, disposable income-i- population, and capital expenditures. 
Industrial demand is determined by the same two price variables, and by manu- 
facturing value-added and/or investment as a proxy for activity levels, also 
by region. 

The supply side of the model also has two main components. Current 
production or supply out of reserves is a function of reserve levels and the 
wholesale price of gas. Reserve levels .ars determined by several endogenous 
functions which define behavior in the field market. These include explana- 
tion of discoveries of gas reserves, both associated with and independent of 
oil discoveries; extensions and revisions of existing reserves; and the in- 
cremental and cumulative number (stock) of wells drilled. Physical drilling 
activity is exogenous, being a function of lagged drilling revenues, lagged 
drilling costs, and a risk variable defined as the variance of payoff size 
for drilling efforts in each production region. The size of new discoveries 
by well depends positively on the field price (the regulated ceiling price), 
averago total costs, and inversely with respect to the cumulative number of 
wells drilled in a given region. This latter relationship reflects an attempt 
to account for the depletion effort, or declining marginal productivity 
associated with incremental drilling efforts. Extensions and revisions of 
existing activities are described by lag relationships with past drilling 
levels, new discovery rates, and the growth of reserves in a given region. 
New additions, extensions and new discoveries together determine the increment 
to reserves each year. At the end of each year, reserves are defined by past 
reserve levels, new additions, current production and inventory changes. 

Since the regulated field price is given exooenously for most simula- 
tions, and since average total drilling costs are given exogenously, most of 
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the supply side of the model is predetermined, as most other variables are 
lagged. Similarly, on the demand side with other prices and activity vari- 
ables given exogenously, and the own-price essentially as an exogenous scalar 
to the regulated field price, the model determines excess demand, given the 
lagged structure, and the values assumed for all the exogenous variables in 
all time periods. Perhaps the most important feature of the model's structure 
is that the richness of differences in regional behavior, so important in 
this industry, are taken into account. Multipliers for the model are not 
evaluated, but alternative simulations are discussed, and the results are 
plausible. As might be expected, the estimated shortage is very sensitive to 
how rapidly the ceiling price is permitted to adjust to market prices. Phased 
deregulation over 4-5 years basically brings supply and demand into balance. 
The model is rather insensitive to values for exogenous variables, and the 
results mostly reflect lagged reactions and regional adjustments of demand and 
supply to changes in the ceiling prices, as these prices are the main variable 
driving the model. 

As presently specified, this model does not incorpprate 'iabor require- 
ments in explicit fashion which are associated with drilling and discovery 
investment activity. However, the unit cost assumptions given exogenously 
could be decomposed into assumptions about wage rates, labor productivity and 
thus labor requirements, if the information needed is available with regional 
detail. Since gas prices have a large effect on investment activity, demand 
for labor could be examined in relation to wege rate assumptions pnd price 
assumptions, through the effect of these on drilling activity. Similarly, 
labor requirements associated with transmission and distribution activities 
could be attached to the current model. This could be accomplished if the 
exogenously specified costs of such activities were decomposed, and labor 
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either endogenously related to activity tevelSi or expressed as a labor-output 
ratio multiplied by the activity levels. Again, this amounts to attaching a 
factor demand specification to part of the supply side of the model. White 
feasible, it is probably not of great intev-est, as the capital-intensive * 
nature of much of supply activity does not lead to unusual changes in labor 
demand that are not easily absorbed in the longer run. 

A. 3. 3. Electricity Demand . The higher energy prices of recent years 
have promoted a considerable increase in research on electricity demand, with 
a particular emphasis on conservation potential. Earlier studies >*ere, in 
general, too aggregated, and failed to capture consumer responses to prices 
at the margin— prices associated with constmption of the marginal kilowatt- 
hour of energy usage. Recent studies have tried to tie together household 
formation, stocks of appliances, prices for appliances, prices for electricity 
and natural gas, and effects of pricing on the margin and peak-load-seasonal 
factors in electricity demand and utility pricing structures. Of particular . 
interest is work by the RAND Corporation, and by the Oak Ridge National 
Laboratory (ORNL) discussed below. 

Major deficiencies have existed in the estimation of the price elasti- 
city of demand for electricity for some time, an_d much p.f this has been 
related to three main factors— the use of price data on average rather than 
marginal prices, the failure to account adequately for peak-load demands, and 
insufficient attention to seasonal demand variations. The first of these 
deficiencies is probably the most important. The level of aggregation in the 
analyses has made it difficult to answer these questions. 

5^Taylor [llO]. 
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Prior to 1370, most electric utilities in the United States enjoyed a 
period of declining costs provided by the combination of cheap inputs and 
scale economies resulting from technical advances in power generation and 
transmission. As a consequence, utilities sought to promote consumption. 
Rate structures were designed accordingly. Rate setting typically considered 
recovery of incurred costs, allocation of these costs by class of customer, 
determination of a fair rate of return on invested capital, and use of average 
pricing methods to recover the costs. For commercial and industrial 
customers, this led to the use of "block" pricing. Block prices reflected a 
fixed, peak-load demand charge (for each class of customer), and a per unit 
charge for actual kilowatt-hour consumption. Charges were lower for larger 
usages, with the charges declining in discreet steps, or blocks. This pricing 
structure permitted the utilities to recover costs under peak-load and initial 
block charges, and to aggressively sell marginal units of electricity at very 
low rates, promoting consumption and assuring a high utilization rate of 
capital stock. The energy problem brought these rate setting practices into 
quest' ^n> and prompted intensive study of electricity demand. Interest in 
energy conservation and financial difficulties facing many utilities have 
raised interest in marginal pricing and flattening the daily load curve for 
power generation, practices which have been followed in European countries for 
a nwnber of years.. Revising pricing methods and pricing structures in this 
industry has important implications not only for demand, but also for capital 
and input requirements associated with a different configuration of demand. 

RAND Corporation Studies . The RAND Corporation work has been carried put 
under the leadership of Jan Acton and Bridger Mitchell. This work has been 

^^Mitchell and Acton [l08], p. 2. 
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supported by the Federal Energy Achiinistration, the National Science Founda- 
tion, the Los Angeles Department of Water and Power, and the California Energy 
Resources Conservation and Development Commission. Most of the work evolved 
from an analysis of electricity rationing in Los Angeles County during the 
energy crisis. This evaluation led to an intensive analysis of disaggregated 
data from which new estimates of demand elasticities were derived, along with 
an evaluation of load factors and seasonality. 

Based upon monthly cross-section, time-series data for Los Angeles 
County, covering the period July 1972-June 1974, electricity demand equations 
were estimated. A main feature of the data base was that it permitted esti- 
mation of marginal prices. Based on marginal pricing behavior, significant 
negative price elasticities of demand were obtained. From cross-section data, 
the estimates varied from -0.3 to -0.5. Cross-price effects with respect to 
the impact of natural gas prices on electricity demand ranged between 0.7 and 
0.95. The authors attribute these large cross-price elasticities (larger than 
the own-price elasticity) to implied adjustments in electrical appliance 
stockr and intensity of their utilization in response to changes in natural 
gas prices. 5^ The elasticity of demand with respect to real per capital dis- 
posable income is estimated to be In the range of O.4, implying continued 
growth in electricity demand as the econotny grows in real terms over time. An 
Important finding of the demand analysis was that lump-sum components of the 
declining block rate structure (customer charges and amount of payment above 
the marginal price in preceding blocks) have a negligible effect on the amount 
of electricity consumed— which places emphasis on the importance of using 
marginal prices, not average prices, to determine the pr-ice-elasticity-of 

^^Acton, et al, [93], pp. 36-37 and p. 48, * 
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dsniand.57 jtie large cross-price elas.ticity for natural gas suggests that 
substantially higher natural gas prices would promote large increases in the 
demand for electricity. The elasticity estimates also indicate significant 
short-run Impacts on utility revenues in response to large price increases, 
and thus the ability to cover large fixed costs, and this in turn suggests a 
re-examination of the pricing structure to cope with larger-than-historical 
price changes. 

Additional studies by RAND have been performed in the area of peak- 
load pricing, applying some of the concepts developed by European utilities 
to electricity demand in California. A stuc|y of 18 industrial consuming 
categories indicated that reductions in electricity used during the peak 
period permits utilities to supply the same quantity of electricity at off- 
peak hours more efficiently, therefore lowering the cost per kilowatt-hour 
supplied. Over the longer term, reductions in electricity use can poten- 
tially permit utilities to postpone or eliminate additions to peaking capacity 
and to achieve greater efficiency from a given mix of generators. The result 
of thi'; study suggests that, statewide, on an all-industry basis, a reduction 
from peak-load demand of about 5 percent could be achieved through changes In 
load management. 

Oak Ridge National Laborfitorv Engineering-Economic Model of Residential 
Energy Use. The ORNL modeling work, sponsored by ERDA and FEA, has been 
directed by Eric Hirst. The ORNL model is a complete electricity demand model 
which is sensitive to major demographic, economic and technological determi- 
nants of residential electricity use. The model has been used extensively by 

^^Acton, «t al, [93], p.. 51. 
^^itchell, et al, [109], pp. 81-82. 
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FEA and ERDA to evaluate long-run effects of energy conservation programs- 
designed around appliance efficiency standards, housing construction stand- 
ards, and tax credits for retrofitting existing homes. 

The pain objective of the model is to calculate electricny consumption 
over the long run in response to the following main variables: 

1., Stocks of occupied housing units and new iconstructicn. 

2. Equipment ownership per housing unit, by fuel and end^iise. 

3. Thermal or technological efficiency of equipment and^ housing units, 

4. Average energy requirements for earh type of equipaientT^ 

5. Other usage factors that reflect household behavior. 

Household" formation is determined by population (by agb group), by real dis- 
posable income (exogenous), and by lagged variables. New housing requirements 
are a function of household formation, and retirements from the existing stock 
of housing units. New units plus existing units match the number of house- 
holas. The choice of housing type—single- family dwellings, apartments, and 
mobile homes—i s gi ven exogenously. Given the number of housing units of each 
type, energy use is then determined as a function of prices and incomes. 
Household energy use is a choice between electricity, natural gas, i)il and 
other fuels, with the prices of these fuels given exogenously from long-run 
projections of the Brookhaven BESOM model, spanning the 1985-2000 period. 

Electricity demand is modeled for each housing type as a function of 
end-uses. The end-use demands modeled are: 

1. Space heating 

2. Water heating 

3. Refrigeration 

4. Food freezing 

5. Cooking 

6. Air conditioning 

7. Lighting 

8. Other 
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The demand submodel estimates elasticities with respect to income, fuel 
prices, and equipment prices. Each fuel price and income elasticity i.s.,de- 
composed into two effects— an elasticity of equipment ownership, and an 
elasticity of equipment usage. Equipment ownership is sensitive to fuel 
prices, equipment prices and income, while usage of equipment (ownership held 
constant) is made responsive to changes in own-prices of required fuels, and 
incomes. The detail gives a total of 272 elasticities within the model. 

The technology subsector of the model, is based upon detailed engineer- 
ing studies of equipment energy requirements and equipment prices as a function 
of design characteristics. Projected thermal efficiencies and input-output 
relationships from, this analysis are exogenous inputs into the simulation 
.model which calculates electricity use. 

The model outputs can be used to evaluate appliance and thermal stand- 
ards, alternative fuel price^ scenarios and financial incentives for retrofits 
of existing structures. For a scenario composed of these elements, the model 
generates energy use changes in the residential sector by fuel and end-use 
over time. In addition, estimates are provided for changes in household 
energy costs, capital costs for equipment, and costs for upgrading structural 
thermal integrity. 

The actual sTastici'ties used in the simulatiom«model appear to be some 
combination of results obtained from ORNL work, and other studies. The ORNL 
demand estimation apparently involves three steps. The first is to derive 
household demands for three types of energy use, in aggregate— for electri- 
city, for gas, and for oil. From state cross-sectic^al data for selected 
years, 1951-1974, elasticities are estimated with resp'ict to the own-price, 

^^irst. Cope, Cohn and Hoskins [lOS],. pp. 19-20. 
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the price of substitutes, real income and climatic variables. Estimated own- 
price elasticities averaged -1.0 for electricity, -2.1 for natural gas, and 
-1.3 for oil. The cross-price elasticity of oil with respect to gas averaged 
1.8, higher than the own-price elasticity for oil. This anomalous result is 
attributed to non-availability of natural gas in some states in the cross- 
section. The income elasticity of demand was estimated at 1.8 for gas, -.1 
for electricity and 0.1 for oil, indicating a clear preference for natural 
gas in high-income states.. 

To determine how these estimated demands for electricity, gas and oil 
get divided up by end-uses, a set of logit share functions were estimated 
using cross-section data for 1970. Fuel choice shares are a function of fuel 
prices, equipment prices, per capita real income, heating and cooling degree 
days, and other variables which serve as proxies for equipment demands and 
usage. The fuel shares are shown to be sensitive to both own-prices and 
equipment prices, but prices of equipment appear to have a greater influence 
on the choice of equipment (by fuel type) than do the fuel prices themselves^ 

The elasticities estimated for the model are considered the, weakest 
part of the overall model structure at this point. example, both the 
price and income elasticities for electricity are much larger here than those 
estimated by RAND, irfhile the RAND estimates pertain only to a very limited 
sample (Los Angeles), they have the advantage of being based on marginal 
prices rather thju average prices (statewide average prices in the case of 
ORNL). Work is undervay (ORNL [105]) to introduce more regional detail into 
the analysis, but this amounts to applying the same model structure to more 
detailed data within the nine census regions. Clearly, more effort is called 

^^irst. Cope, Cohn and Hosklna [lOS], p. 53. 
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for in dealing with the fundamental demand estimation problems relating to 
ir=»rginal versus average pricing, and with peak-load and seasonality factors. 

With respect to employment issues, these studies of .electricity demand 
have several implications, first, to the extent that better demand elasti- 
cities are achieved, larger energy sector models which incorporate estimates 
derived from these studies will be improved. Secondly, to the extent that 
models such as ORNL illustrate shifts in the demand for appliances, household 
equipment, etc., they provide a useful means for assessing shifts In consumer 
demands over time, in response to higher energy prices. If, for example, 
plausible results for effects on appliance demand can be derived from such 
models, these can be translated, by simple means, into estimates of employment 
requirements in the appliance industry. 

The MIT Regional Electricity Model (REM). Under a research grant from 
the National Science Foundation, Baughman and Joskow [98] developed the REM 
for the M.I.T. Energy Laboratory. The result of this research is an 
engineering-econometric simulation model of electricity supply, demand and 
price regulation. The principal application of the model has been in the 
analysis of derived demands for commercial nuclear reactors and nuclear fuel 
cycle requirements (raw uranium and uranium enrichment) for the period 1975- 
1995. Simulations with the model" focus on the impacts of alternative govern- 
ment policies with respect to pollution control standards, reactor licensing 
procedures, and electricity rate-setting policies. Tax and depreciation 
policies are entered via their impacts on the cost of capital. Alternative 
expectations regarding prices of various fuels and construction costs can 
also be evaluated. Unlike most other electricity demand models, REM's simul- 
taneous determination of supply, demand and price permits important supply or 
cost-related variables to be incorporated in the price determination process. 
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This incorporation is important to a r^aljstic detemination of economically 
viable alternatives among supply technologies in satisfying overall demand 
for electricity. - 

The main submodel within REM is the supply model. Detailed behavior 
is specified in each o^ nine census regions for investment in capacity 
expansion, power generation, and transmission and distribution activities. 
Given alternative leadtimes for plant construction (ten years for nuclear, 
five years for conventional steam, and, two and one-half years to reach 
peaking capacity), and given different planning horizons, the model calcu- 
lates how much and what mix of plant investments should be undertaken to 
minimize expected costs. Technical choices are made among eight alternative 
technologies with hydroelectric capacity given exogenous ly.^l Technical 
considerations and firms' expectations for cost variables are specified exoge- 
nously, based on engineering and survey data from the electric utility 
industry. 

The power generating component of the supply model takes into consid- 
eration the important linkages between investment in capacity expansion and 
load clynamics associated with utilization of existing production facilities. 
In general, since there is an inverse relationship between the degree of 
-capital -intensity-of -production- an d-operating 'costs, cost mihimizatibn 
requires detailed consideration of capacity utilization and load cjynamics. 
In selecting among existing plants to satisfy a given load requirement, the * 
model specifies a hierarchy for utilization in which the least cost plants 
are utilized first. The hierarchy is determined by^ operating costs only 

^^hese alternative technologies are: gas turbine and internal com- 
bustion units} coal-fired thermal; natural gas-fired thermal; oil fired 
thermal; light water uranium reactors; high-temperature gas reactors; plu- 
toniun recycle reactors; and liquid metal fast breeder reactors. 
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(fuel and variable costs), since once a technology is put in place, capital 
costs are sunk costs, and thus the generating cost profile varies only with 
variable costs associated with load factors. The model uses extensive 
industry operating "rules of thunb" and cost information in order to specify 
these behavioral conditions. 

Transmission and distribution is handled very simply, more or less 
as an accounting system, rather than as a behavioral model. Given the 
characteristic of the service area (regions) with respect to load patterns, 
type of consumer (residential, commercial, industrial), and physical condi- 
tions (distance, etc.), and given information on operating, maintenance and 
equipment costs for various activities, total transmission and distribution 
costs can be computed directly. 

The demand model consists of a set of econometric demand equations for 
electricity, oil,,, natural gas and coal for the residential and conmercial and 
industrial sectors (with coal only in the industrial sector). These equations 
are estimated from cross-section data for 49 states for the period 1960-1972. 
For rp<;idential and commercial demand (and similarly for industrial demand), 
total per capita energy demand is determined by per capita personal income, 
population density, temperature, and a weighted energy price index in which 
consumptipn and end-usOffi'ciehciesfbr v^ fuels are used as Weights. 
A lagged dependent variable is used to approximate dynamic adjustment consi- 
derations. Total energy demand is then "split" between consumption of oil, 
natural gas and electricity according to a set Idgit-type share function with 
respect to price (which permits a convenient means for adding up individual 
prices to equal the weighted price index), temperature variables, and lagged 
share variables. The large coefficients for lagged dependent variables, 
compared to price and temperature variables, suggests that capital stocks 
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associated with jjarticular demand patterns adjust rather slowly, moderating 

the size of demand responses in the short run which might be implied by 

radical price changes. These results are generally consistent with those 

obtained in other studies. In addition, for long-term projections, the use 

of fixed weights to establish the aggregate weighted energy price index is 

quite restrictive, as radical price changes can be expected to significantly 

alter consumption shares over time. Industrial demands are not only split 

among fuels, but also allocated among states by logit share functions using 

t 

relative price and population values, and lagged dependent variables. Since 
the locational function is estimated from cross-section data, the same coef- 
ficient (and behavioral response) is made to apply to all states, which is a 
highly restrictive assumption. The large and significant coefficient for the 
lagged dependent variable in these locational functions also suggests that 
supply side factors (rather than demand factors) may be more important than 
price and population variablesV"* Tn addition, the negative coefficient shown 
for the population variable seems implausible. In summary, the demand sector 
of thr model contains many similarities to the demand sector of the FEA-PIES 
model, with the same type of weaknesses with respect to the validity of 
regional demand estimates for particular fuels. 

The final sector in the model is the_p rice-financial block in which 
price behavior is modeled after "rules of thumb" applied by state regulatory 
commissions, embodying concepts such as"a"" fair rate of return" on capjtal. 
Cost data from the supply model plus tax, depreciation and rate of return 
considerations are used to derive gross revenues. Gross revenues divided by 
sales, gives estimated average prices. Together with prices of alternative 
fuels and incomes, these average prices dttermine electricity demand for 
residential, comnercial and industrial components. 
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REM is presently constructed for use in evaluating investment trade- 
offs among alternative production technologies for electricity supply, given 
government policies and prices of alternative fuels. The model is primarily 
a capital and fuel requirements model. Moreover, capital requirements are 
defined only broadly in terms of basic technologies, and not in terms of 
detailed memis of capital requirements and possible trade-offs within a given 
technology v;ith respect to specific types of capital. Labor requirements are 
not specified anywhere in the model, and labor costs are embedded in an 
unknown fashion in the engineering cost estimates for building various types 
of facilities. Presumably, detailed labor cost components could be detenniried 
from engineering studies, and costs decomposed into wage rates and real labor 
demands. Since both the construction and operation of electricity generating, 
transmission and distribution facilities is capital-intensive, engineering 
cost estimates focus primarily on determination of capital costs, as does the 
model. Hence, embedded estimates of labor and other costs, especially for 
years beyond 1980, are tentative at best. Regional wage rates and necessary 
labor «;upply will have some bearing on the decisions to install a given tech- 
nology in a particular region. At present, a model like REM abstracts from 
the detailed market conditions which would determine actual new plant produc- 
tion coics. This is an appropriate modeling decision if key factors deter- 
mining plant construction are demand, prices of alternative energy sources and 
government policies, and not factor market conditions related to plant con- 
struction as such. 

A.3.4. Gasoline and Automobile Models. Gasoline demand, by itself, 
although quite important to the energy problem as a whole, has little rele- 
vance to the employment issue. Oil exploration and refining are highly 
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capital-intensive and employment effects all around are likely to be quite 
small as a result of decreases in gasoline consumption. However, auto pro- 
duction is a different story. Substantial work has been done over the years 
on the demand for new cars. None of these earlier studies addressed the 
question of the effect of fuel costs on new-car demand. Recently, two com- 
plete models of the gasoline and automobile demand sector have been produced. 
The first, done by the Wharton Economic Forecasting Associates for the 
Federal Highway Adninistration is described in Schink and Loxley [117]. The 
other was developed by the FEA by Sweeney [118]. In the Swee"Jiey model, the 
efficiency (miles per gallon) of a given model year is determined by the real 
price of gasoline and a weight standardized fuel economy measure provided by 
the EPA. Next, new-car sales are determined by lagged car stocks, vehicle 
miles traveled, income, real *new-car prices, gas prices per mile, and the 
unemployment rate. The remaining behavioral relationship -is the demand for 
vehicle miles traveled which is a function of the cost per mile, income, and 
the imemployment rate.. Gasoline, dema. can-now be computed by sunning over 
all vantages the product of fuel efficiency times vehicle miles. The WEFA 
automobile demand model relates the difference between desired and actual auto 
stocks to a time-phased adjustment process. Determinants =of the desired /stock 
of autos include demographic variables, income and its di'iiribution. cost of 
purchasing and operating a /iiew car. and the availability of public transporta- 
tion. - Additional studies of the demand for gasoline include Burright and 
Enns [111]. Chamberlin [112]. Houthakker. Verleger and Sheehan [114]. Kraft 
and Rodekohr [115]. McGillivray [116]. and Verleger and Sheehan [120]. In 
much the, same vein as the electricity demand models, the direct employment 
Impacts of gasoline demand are quite small. The ques,^:ion of the impact of 
higher gasoline prices on automobile demand (both quantity and size, mileage, 
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etc.) and the consequent implications of that demand for employment in the 
auto industry, while an interesting question, is too complex for the present 
models. 

^^•3.5. World Energy Models. This section -of the pap^r treats two world 
models in detail. Others have been reviewed elsewhere, and are of less 
interest to U.S. policymakers since they focus more upon OPEC pricing strate- 
j gies. There are several types of models which describe particular aspects of 
world market responses to oiV prices and demand-supply conditions. First, 
there are world oil models, which are consumer nation oriented, such as 
Kennedy's model (reviewed below). The^e models determine prices and trade 
flows given demand and supply conditions. Oth^r models such as that of 
Kalyinon, emphasize the supply price determination process by OPEC, assuming 
behavior which attempts to maximize the discounted value of depletion of oil 
reserves over time, given OPEC's own future energy needs and the internal 
production and marketing structure of the cartel. The World Bank model 
emphasizes the payments flows from consumer countries to OPEC under alternai- 
tive pricing strategies of the cartel, which are mainly related to development 
of alternative energy sources by consumer countries and others. In all of 
these models, analysis is focused on future. world. oi.l prices.. 

More related to U.S. conditions is work underway at the Federal Reserve 
Board by Sung Kwack and others. Presently under development are multi-country 
trade and payments models" in which petroleum imports and prices are tied to 



°^^i8cher, et al, ,,[122]. 
^^alymon [125]. 
6*Blitzer, et al, [l2l]. 
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capital flows and balance-of-payments behavior. OPEC portfolio choices rela- 
ted to financial investment of oil dollars can be analyzed in tenns of their 
impact on U.S. capital flows. U.S. deficits (interest payments on Government 
bonds held by foreigners), and domestic interest rate, profit and investment 
behavior. In somewhat less detail for financiaV transactions, the LINK 
system (reviewed below) can also trace trade flows and macroeconomic effects 
associated with world oil supply and price developments. Some U.S. macro- 
energy models, such as, the Wharton energy model, are also capable of estima- 
ting balance-of-trade effects of world energy sector developments, though 
without the feedback effects of international trade and price iterations as 
embodied in the LINK system. 

Kennedy Worl d Oil Model. This model was developed to assess the 
impact of alternative crude oil pricing policies on the international trade 
of oil and associated products.65 jhe model is a static, quadratic program- 
ming, multi-regional construct which determines demand, supply and prices in 
each region, and energy trade flows between regions for a chosen point in 
time, e.g. 1980. The model lias two main blocks«-one for the demand and 
production of refined products, and a second for tha derived demand and world 
trade in crude oil. The model thus has four main s-actors: consumption, 
refining, transportation and crude production in each of 16 world regions. 
With supply and demand determined exogenously in each region, and with both 
related to price,, the programning solution determines equilibrium prices and 
trade flows between regions simultaneously. 

"The model contains a. large number o^' exogenous variables which can be 

^^Kennedy [126], Support for this work was proviaed by the Federal 
Energy Administration and Data Resources Inc. The original model was de- 
veloped In KenBedy*s doctoral dissertation at Harvard University, 1974. 
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altered by the user for assessment of their impact on energy trade flows and 
equilibrium prices. Income growth and demand and supply for crude oil are 
exogenous in each region. Technological and cost factors in the refining 
model are exogenous also. Although cost factors are assuned the same across 
regions for a given refining activity, different refinery output mixes 
produce different capital costs and requirements. In the trade activity, 
transportation costs, tariffs, quotas, export duties and royalties, etc. are 
exogenous. Within regions, excise taxes, taxes affecting refinery and supply 
operations, and environmental restrictions are all exogenous. 

The centerpiece, of the model is the linear programming process model 
for the refinery sector. In this model, six separate types of crude oil are 
transformed into nine final product categories: four types of gasoline, two 
types of residual fuel oil, kerosene, distillate and naptha. The technical 
coefficients are estimated for each region, while capital costs per activity 
are assumed the same, with total capital cost varying according to the output 
mix. Demands for end products are estimated from pooled data on twelve 
countries. 66 Income growth for each region is taken as exogenous. The link 
between final demand prices for products such as gasoline, and refinery level 
prices is made by a "bridge" or markup which reflects intra-region excise 
taxes, retail trauti margins and transportation costs. Prices and incomes 
determine the demand for various refined products in each region. Capital 
costs and the availability of particular forms of crude oil determine the 
refinery production and capacity structure, and import requirements, given 
domestic crude supplies. Given the exogenous crude oil supply in each region, 
that region's derived demand for crude (and exogenously determined demand 



66. 



'Kennedy [126], p. 132. 
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elasticity for crude), world demand for crude is detennined. Given world 
supply (the price elasticity of supply of crude, new discoveries, or OPEC 
policies), the world price and trade in crude is detennined. Transportation 
costs also influence world trading patterns and are exogenously introduced. 

The model's main use is to measure the impact on world trade and 
prices of changes in OPEC pricing policies. Changes in assumptions about 
refinery or transportation sector activity or costs can also be made to simu- 
late effects on trade flows, but these are not of such great interest. One 
interesting application of the model has been made by Houthakker^^ in which 
'"•optimistic" and "pessimistic" demand elasticity values were set exogenously 
for the main refined products categories, by major region, permitting deriva- 
tion of import requirements for crude. Given these elasticities, the model 
can be simulated to determine "optimun" OPEC tariff levels which would 
maximize their revenues over time. Other assumptions about domestic supply 
responses of non-OPEC regions can also be introduced separately or in conjunc- 
tion with elasticity estimates to estimate optimum OPEC pricing strategies. 
Simil?- simulations by Kennedy indicate that an export duty by OPEC of about 
half the current level, or about $3.50 per barrel on crude is most likely to 
occur. in the long run, given supply response that can be anticipated from 
currently higher pnces.^S- ^^.^ ^^^^^^ static, is useful as a 

tool for determining possible configurations of world and U.S. crude oil 
prices, which can be used as inputs into other U.S. macro or energy models. 

The LINK Models. The LINK system ties together major macroeconomic 
models for industrial countries, with area blocks for the Middle East and 

^^Houthakker [123]. 
^^ennedy.[l26], p. 174. 
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developing countries. Independent econometric models for 16 industrial 
countries are linked together through a trade matrix, with all prices and 
quantities determined simultaneously, given exogenous assumptions. The model 
has recently been used to evaluate the impact of changes in exchange rates, 
the slowdown in world industrial activity in response to the oil embargo of 

1973- 74, and to assess the impact of higher oil prices on inflation, and 
economic growth, worldwide, through 1.985.^° The outputs of the system in-.^^ 
elude all the standard macro-quantities, along with trade flows and prices. 
The models give estimates for total employment and aggregate unemployment 
rates. 

T..a models in the LINK system are all typical Keynesian macro demand- 
oriented specifications, and as such do not offer an optimal structure for 
introducing supply and cost effects which result from higher oil prices. 
However, by exogenously altering the prices of exports from the Middle East 
for SITC categories containing crude oil, or similarly for the SITC categories 
for raw materials, the impacts of such changes can be approximated. The LINK 
model has been used to evaluate the impact of $10 . per barrel crude oil prices 
on industrial economies. Giorgio Basevi has applied LINK multipliers to the 
case of Western Europe, and found that the increase in the price of oil 
reduced real GNP growth in Western Europe by 2.7-2.9 percent, annually, during 

1974- 76.72 Lin,^ system itself produced decreases of .4 percent, 1.8 per- 

69 

Models for main industrial countries included in the system are: 
Australia, Austria, Belgium, Canada, Finland, France, Germany, Italy, Japan, 
Netherlands, Sweden, United Kingdom and United States. 

^Owaelbroeck [l29]. . 

^■'•Klein [l28]. See, also, discussion of Macroeconometrie Models, A. 3. 6. 
^^chapter 3 in Fried and Schultze [l74]. 
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cent and 2.5 percent, respectively, in 1974, 1975 and 1976, The difference 
between the two results reflects the actual values of exogenous variables in " 
the LINK system estimates vis a vis. Basevi's linear extrapolations from the 
multipliers of the model. Basevi notes two important effects on the Western 
European economies t!iat can. be traced using the LINK system. One is the 
direct effect on *he: aconomies' activity. A second is the indirect effect on 
a country's exports to other countries whose real activity is simultaneously 
depressed by the higher oil price. Netted out against the latter are in- 
creased exports to the Middle East. The LINK simulations also show that 
prices of all internationally traded primary products would have been 5.1 per- 
cent lower than the level forecast as a result of the oil crisis, and that 
prices of manufactured products in world trade would have been lower by 8.1 
percent. 

As with domestic macroeconomic models, the LINK system is useful for 
assessing some of the macroeconomic policy rtjsponses appropriate to price and 
balance-of-trade effects associated with higher oil prices. To the extent 
that rffects of higher oil prices are adequately incorporated in the macro- 
economic model, effects of inflation on tax revenues and fiscal drag on 
econoitiic activity can, be assessed. The aggregate models will only show these 
impacts in broad, general ways, however. For example, by treating only 
aggregates, shifts in the mix of corporate profits in response to income 
transfers to domestic energy industries will not be adequately handled. This 
will occur because the historical structure embodied in profit, investment 
and other relationships will not property reflect the new activity mix. As 
a result, actual output,, employment, investment, trade and price effects from 
higher oil prices may deviate considerably from simulated results of the 
aggregate models. 
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A.3.6. Macroeconom'c Models , Due to their usefulness in forecasting 
and simulation exercises associated with traditional monetary and fiscal 
policy questions, macro models continue to find widespread use, and have even 
been adapted with sun^rising success to incorporate impacts of essentially 
supply-determined phenomena, such as food and f.el inflation and.energy 
embargoes.73 jhe general method of adapting these systems to supply reduc- 
tions or supply-induced inflation is to reduce demand and raise prices for 
final demands to reflect supply-induced real output reductions or output 

price increases. 
« 

Most macro models are Keynesian demand-oriented systems, structured 
around national income accounting concepts, and the value-added concept of 
real income ^and output. The more complete models typically include a pro- 
duction function with factor demands for labor and capital, so that the 
supply side of the econony^ is modeled to some extent. In this framework, 
there are two areas of deficiency in treating supply problems. One is that " 
imports are netted-out against other final demand components, which is con- 
sistent with the value-added concept which considers domestic factor incomes, 
and washes out intermediate transactions. Secondly, as imports of raw 
materials, such as energy, affect the supply capabilities of the economy, 
their effects cancel out only in the value-added definition, not in their 
economic effects on output determination, or in their effects on the price 
level. 

The most exten sive efforts to adapt macro models to assess the embargo 

Chase ElllZetrlTl^l^:^^^^^^^^ -croecono^lc .odels Include those by 

Economic nevelopment Institute I ^^^'^ University, Kent 
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l^acts of 1973-74 were can-led out by Klein [128]. with the Wharton and LINK 
Project mcro models. Recognizing the rele of energy as an inte^edlate in- 
put, the Wharton annual jrowth nodel was run with constraints loosed on the 
I-O sectors relating to energy. These constraints were translated Into real 
output reductions and higher prices. These output reductions were then used 
as a basis for making adjustnents In final demand components in the Wharton 
quarterly model. I^rts were reduced, reOecting the oil embargo. Consunp- 
tion was Simultaneously reduced to reflect lower consumption of gasoline. 
"Otor oil. electricity and residential heating. As far as CfP is concerned, 
reduced imports and consumption tend to offset each other. To. otherwise 
simulate the effect of the embargo on output, inventory investment was reduced 
and Import prices were raised. On balance, it Is the negative inventory 
change which was used to ,ntreduce supply limitations Into the demand-oriented 



macro model. 



In the post-embargo period, most macro modelers have been concerned 
with linking aggregate deflators to the WPI for petroleum products,- and 
linking the WPI, in turn, to the price of crude oil. In the DRI and Chase 
Econometrics models, this is accomplished with a distributed lag price 
function between products and crude. The WPI products price then shows up 
In other price functions which, in turn, determine the GNP deflator price. 
Import price deflators are likewise modified to reflect the crude oil prices 
being assumed exogenously in a given simulation. Most of the larger macro 
models arg currently being..modif led along these lines to introduce energy 
price effects. 74 The lag structures embodied in the price equations between 

models such as General ElectrJc's M^Jas?!' ^^^'^^^^^ proprietary 
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overall prices and crude prices determine the temporal impact of changing 
energy prices.,on. the rest of the economy. In using the models, most of the 
modelers also make ad jjoc adjustments in demand components to reflect 
a £riori information about shifts in behavior from historical patterns 
embodied in the estimation equations. This adjustment procedure is also 
consistent with the notion of "energy shock" wherein decreases in demand 
were attributed to the uncertainty generated by the OPEC actions. 

By Introducing price effects, the models can then be used to evaluate 
the impact of higher energy prices on the general economy. If the models 
effectively capture the progressivity of the tax system, the fiscal drag on 
the economy due to energy-induced inflatir^n can be assessed.^^ similarly, 
the interaction of energy prices and effects of monetary policy (thus interest 
rate behavior) can be examined. In employing the Wharton model for such 
simulations, for example. Klein has suggested that appropriate adjustment of 
macroeconomic policies to deal with supply constraints are probably in the 
direction of tax reductions accompanied by continued monetary restraint, a 
prescription which is aimed at maintaining real output growth while containing 
inflation within tolerable bounds. 

As indicated above, price considerations associated with energy supply 
and demand are increasingly taking-precedence as the problem to be addressed 
by macro forecasting modelers. This is appropriate, since short- and 
intermediate-tenn availability problems associated with the embargo are be- 
coming less important. An emerging problem which some modelers (mainly at the 
Federal Reserve Board) are now addressing is the trade account effects, petro 
dollar flows, and longer-term real transfer effects. If world energy prices 

^^Dernburg [163], 
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remain high relative to other prices over time,, there will be an adverse 
terms-of-trade effect as between oil consumers and oil producers. A second 
issue, .which has to do with domestic stabilization, will be the petro-dollar 
flows and the nature of financial and real investments made by OPEC 
countries. Monetary policy may encounter hew difficulty^ in offsetting 
short-term capital flows of possibly large magnitude. Foreign investment in 
the United States over time will eam= sizeable interest, and potential 
monetary flows can affect U.S. bal ance-of-payments and interest rate behavior. 
Potential conversion from dollars to other currencies can lead to exchange 
rate devaluation or higher dollar-denominated oil prices, and otherwise 
produce a great deal of uncertainty in predicting the outcome of monetary and 
fiscal policies (effects of deficits) on domestic interest rates, output, and 
employment. The FED is currently developing models which will enable these 
financial adjustments to be coupled with the FRB macro model. 

A.3.7. Single-Equation Models . In contract to other areas of applied * 
economics, energy economics has witnessed very few single-equation ^studies. 
Prior to 1973 most single-equation energy research related to the demand for 
electricity and, to a lesser extent, the demand for gasoline. Post-1973 
electricity demand research, much of which is also single-equation, was 
discussed in A. 3.3. In addition, work in other ai-eas, as for example the 
gasoline demand discussed above, has also progressed. One of the, single most 
important questions with regard to energy policy is the degree of substitut- 
ability among energy inputs and between energy,- labor ^ capital and other 

^^A discussion of aovxe of the potential problems which may arise here 
is found in Robert Z. Aliber, "Oil and the Money Crunch" in Eppen [l66]. 

are indebted to Sung Kwack for useftil discussion of FED activi- 
ties in this modeling area. 
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inputs such as n«tenals. Models such as Hudson-Jorgenson and many others 
discussed above address this question. If the degree of substitutability is 
high, then higher energy prices can be easily accoiimodated. Curiously 
enough, although production economics is one of the main areas of applied 
economics, prior to 1973 virtually no work had been done-j^hlth attempted to* 
nieasure the degree of substitution between energy and laBbr and capital-. As 
a matter of fact, virtually no work was done which included energy (in any 
fonn) as a factor of production. This exclusion of "intermediate" inputs was 
condoned on the grounds that the real research issue in production economics 
was the distribution of income and the degree of returns to scale.78 Recent 
work, particularly by Berndt and Wood [134], has made substantial progress 
in this area. However, a great deal of work remains, much-of it relating 
to data development. Although applicable solely to the manufacturing sector, 
the Berndt-Wood findings are quite important. Utilizing data developed by - 
Jack Faucett Associates. Berndt and Wood constructed a complete set of cost 
accounts (prices and quantities for capital, labor., energy and materials 
(as well as output) for the U.S. manufacturing sector. This data was then 
used to estimate a constant returns to sca'le translog cost function. The 
resulting estimates showed labor and energy to be substitutes, labor and 
material to be subst itutes and labor and capital to be substitutes. 79 jhe 
78 

lechnlcaXly, the exclusion of Intennedlate inouts ia ii«r™l==(i,i. <« 
'hree condltlona Is met. The first co„dltlonr=aJLf iSef «L! 

Hlc>«la„ a^resatlon. speolllel ^^'1^^.^°^ h "^.S if e1r\5L"=' 
and the output price are perfectly correlatPH Tt,<> ♦.t,4>^ ^ 
separability, requires thSt the ^rginal proLt'o? Sclud^dlac o"s 
independent of the ^rginal product of excluded fact^s' slrndt and Sood 
[134] tested for all three conditions and found that none heS. 

^ interesting- discussion of the economic meaning of substitu- 
tability m a production function with many inputs, see Hogan [Iai]. 
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values for these elasticities of substitution (for 1971) were 
= .68 . a.^^ .=. ^61 artd (5^ = 1.01 

Furthermore, the results showed that the elasticity of labor demand with 
respect to energy price is .03, i.e. a 100 percent increase in energy prices 
win result In a three percent increase in the demand for labor. The elas- 
ticities for labor with respect to materials and capital was .37 and -.05 
respectl.velyi Additional studies in a similar Vein include Denny and Pinto 
C135], Griffin and Gregory [137] and Pin^yck [142]. 
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